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Abstract 
 
The fate of nutrients and their relationships in the London Avenue Canal is very 
complex. This study was undertaken to assess the water quality of the canal in wet and 
dry weather conditions, and to develop a 2 – layer model to predict the response of the 
canal to storm water discharges. Samples were collected at specific locations and at five 
different depths during wet and dry weather periods. These were used as background 
values in the model and for comparing the model output with the actual field results to 
verify the validity of the model. A 2-layer model has been developed to predict the 
response time of the system during and after a pumping event. This model has been used 
to predict various scenarios and the corresponding response times. The results by and 
large confirm the field data observed for certain parameters.  
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1.0 Introduction 
Lake Pontchartrain is a large man-made lake in a complex estuarine system in southern 
Louisiana. The lake (area = 1632 km2) is located at the center of the 12,173 km2 total 
drainage basin or watershed. The basin covers 16 parishes in Louisiana parishes and 4 
counties in Mississippi. There are many lakes, rivers, bayous, forest, swamps and 
marshes in this vast ecological system, serving as habitat for multiple species of fish, 
birds, mammals, reptiles and plants. It supports a population of about 1.5 million around 
the Lake.  
This ecosystem contains freshwater and marine species supported by 
physicochemical and hydrologic processes involving river inflows and exchanges with 
interconnected high salinity coastal waters. There is great scope for interactions with 
surrounding highly urbanized watersheds.  Water quality has been observed to decline in 
the Lake Pontchartrain Basin which results in reduction in productivity and limitations on 
its use for recreational activities. Efforts are on to develop management models that 
integrate land use and hydrological processes, atmospheric fallout, resources 
development, biological processes and food chain dynamics as a measure of Lake 
Productivity.
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Lake Pontchartrain receives storm water runoff from the urban areas of Orleans 
and Jefferson Parishes by a system of pumping stations and drainage canals along the 
south shore. London Canal is one of the important water bodies that bring water to the 
Lake Pontchartrain. Lake water is brackish and runoff has freshwater (lesser density) 
which makes the effluent behave as a surface-buoyant plume causing wider spreading, 
modifying the dilution. Urban runoff is a primary source of microorganisms (bacteria, 
etc) which cause waterborne communicable diseases. The reattachment and restricted 
dilution causes extensive near-shore contamination. Certain bacterial groups can be used 
as identifiers to measure the potential presence of pathogens. Coliform bacteria are good 
indicators since they can be easily detected using simple laboratory tests. The number of 
indicator bacteria tends to be correlated to the extent of contamination. A shoreline study 
was conducted at University of New Orleans for estimating bacterial concentrations. 
Results of this study indicated counts as high as 160,000/100 mL. A probability study 
showed that there is a 52% chance Bayou St John and 58% chance at London Canal that 
the concentration of FC bacteria will be greater than 200/100 mL (Suzanne Carnelos, 
2000). 
London canal is situated perpendicular to the Lake Pontchartrain shoreline in New 
Orleans. The crown of the Mississippi river levees are at elevations of +20.0 feet NGVD 
and the elevations near the lake are about – 15.0 feet NGVD. The length of the London 
Canal is approximately 5.8 km, with an average bottom and top width of 30 and 50 
meters, respectively. Pumping Station No.3 lies at the head of the canal near Broad 
Street. Pumping Station No. 4 is near Prentiss Avenue. The area provides marginal 
habitat for wildlife owing to the high incidence of human disturbance. The canal exhibits 
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poor water quality and normally exceeds criteria for propagation of fish and wildlife (US 
Army Corps of Engineers, 1994) 
Numerical modeling of pollutant transport and hydrodynamics in estuaries is an 
established science. Numerous models based on different schemes namely finite 
difference and finite element methods to discretize the basic governing differential 
equations are available (Amr Hussein Elshafie, 2000). 
The objectives of the study were: 
1. To assess the water quality of London canal for wet and dry weather conditions. 
2. To develop a model to predict the response of the canal to storm water discharges. 
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2.0 Problem Description 
2.1 Literature Review: 
 
Owing to increased phosphorus (P) and nitrogen (N) discharges during past few decades, 
fresh and marine water bodies have been adversely affected by eutrophication. These can 
be attributed to increase in population, urbanization, over-consumption of N and P, the 
emissions of N to the atmosphere (Chapra, 1997).  
 Pollutant toxicity is directly related to the concentration, time of exposure and 
exposed organism (Armstrong, 1992). Mortality and changes physiological 
characteristics are some of the impacts of pollutants on the organism. At certain 
concentrations and exposure times, the chemicals are viewed as potentially toxic 
substances at various regions of the water body. USEPA has listen 129 priority pollutants 
as toxic substances (Thomas and Mueller, 1987). The effects of these pollutants on the 
ecosystem and adverse public health impacts are a major concern. Ingestion from a 
drinking water supply and ingestion of contaminated aquatic food supplies are 2 major 
sources by which these pollutants enter the organisms (Thomman and Mueller, 1987).  
QUAL2E is a single layer model that incorporates decline of organic material, 
growth and respiration of algae, nitrification (considering nitrite as the intermediate 
product), hydrolysis of organic nitrogen and phosphorus, reaeration, sedimentation of 
algae, organic phosphorus, and organic nitrogen, sediment uptake of oxygen, and 
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sediment release of nitrogen and phosphorus. Most river water quality models have 
similar formulations and calculations. QUAL2E uses constant fluxes of oxygen into and 
of nitrogen and phosphorus out of the sediment. This cannot account for changes in 
sediment quality and makes it difficult to confirm if nutrient cycles are complete.  
 While using QUAL2E to conditions other than the steady-stream flow, constant-
emission conditions for which it is intended, certain limitations appear evident. The 
QUAL2E model is suitable for modeling point sources of pollutants. Even for these 
scenarios, it might be inappropriate for water bodies having temporal variation in stream 
flow or having major discharges change over a diurnal or shorter time period (Rauch et 
al). In water quality management, non point sources have assumed greater relative 
importance since point sources have stringent regulations. Since rainfall and waste loads 
significantly impact the non point source loadings and these vary significantly over a 
period of time, these may deviate significantly from the assumptions of QUAL2E. 
 Based on salinity simulations, it has been concluded by Edward et al (1999) that 
QUICKEST, Hybrid, and upwinding schemes are the most appropriate advective 
schemes tested for applications of scalar transport in shallow estuaries. Dispersive flow 
scenarios can be best simulated using the upwinding scheme. Lake Ontario was modeled 
using the same methodology by Thomann et al., (1975). The lake was segmented into 
five layers, each layer being segmented into several cells. Initial assumptions become 
extremely difficult for a model of this size. A flexible cell model was developed and 
documented by Richardson et al. (1977) and Ambrose et al. (1988) of the US 
Environmental Protection Agency (US EPA) and researchers at the Manhattan College, 
New York. The shallow embayments are divided into well-mixed segments (cells). 
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Adjustments are required to get flows among segments to achieve compliance of 
observed and calculated distribution of a conservative substance.  
2.2 Problem Statement: 
 
The effect of storm water runoff from London Canal into Lake Pontchartrain and the fate 
and decay pattern of the nutrients and salinity appears quite complex. Urban runoff is a 
major source of pollutants that enter the lake. Spatial and temporal variations of these 
nutrients in the canal, including fresh water mixing from significant storms, varies 
seasonally with maximum stratification and peak input during summer periods. This 
study is an attempt to study the fate of the nutrients and their decay pattern in the canal. 
Limited data exists for the runoff discharged through canals of the urban areas on 
the south shore of Lake Pontchartrain. However, the urban runoff is a major contributor 
to the episodic poor water quality experienced on the south shore. Currently, there are no 
response time models available for canals in the Lake Pontchartrain basin. Hence, the 
need was felt for the development of a framework model that can predict response time 
of nutrients in the canal, which could be extended to similar storm drain and river 
systems.  
The primary objective of the study was to develop a 2-layer model for the London 
Canal. The eight parameters modeled were: salinity, inert tracer, organic nitrogen, 
ammonia nitrogen, nitrate nitrogen, nitrite nitrogen, dissolved phosphorus and organic 
phosphorus.  Salinity changes in lakes have been studied extensively, in part, because 
these are simplified indicators of the contaminant transport processes, such as mixing, 
dilution, advection and diffusion. Furthermore, the salinity changes affect the kinetics for 
some water quality constituents and may control the bacterial growth in the streams. 
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(Amr Hussein Elshafie, 2000). Studying the salinity of the system helps in the 
understanding of the loading for pollutants and other nutrients which are key parameters 
influencing the water quality of the water body. 
Study Area:  
The study area for modeling was the London Avenue outfall canal, 5.8 km in 
length, with an average top and bottom width of 30 to 50 meters, respectively. The 
Pumping stations No #3 and #4 lie at the head of the canal. Pumping station No. 3, 
located at the south end of the canal, receives storm drainage from approximately 3064 
acres of highly urbanized drainage area and discharges into the canal through three 4.0 m 
pumps, and two 3.5 m horizontal pumps. The total existing nominal capacity of these 
pumps is 120m3/s. Located approximately 1.9 miles north of Pumping Station No. 3 on 
the east bank is Station No. 4. Pumping Station No. 4 has a nominal capacity of 110 m3/s 
and receives storm drainage from approximately 4814 acres of highly urbanized land 
(Amr Hussein Elshafie, 2000). The study area is shown in figure 2.1. 
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Figure 2.1: London Avenue Canal and Lake Pontchartrain 
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3.0 Study Methodology 
The scope of the study was simplified into the following tasks: 
1. Collection and analysis of bi-weekly samples (samples collected on Mondays and 
Thursdays) from the Leon C Simon Bridge sampling location during dry weather 
period for measuring the salinity, temperature, pH and nutrients. 
2. Collection of daily water samples for three days following a rainfall event. 
3. Field Survey: Canoe trips for collection and on-site analysis of samples for 
temperature, salinity, conductivity, dissolved oxygen at depths of 1,2,3,4 and 5 
feet below surface levels.  
4. Laboratory analyses of the samples for determination of the listed parameters 
using the standard methods documented for the same 
5. Discretization of London Canal into 8 cells with 2 layers each. This divides the 
entire study area from Filmore Bridge to the London Canal Bridge into 4 cells 
having a top and bottom layer of same width.  
6. Development of mass balance equations for the parameters for each of the 8 cells 
incorporating diffusion, advection, and source and sinks terms.  
7. Development of a Fortran 90 code to calculate the concentrations of the eight 
parameters at each time step to study the fate of the parameters studied.  
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3.1 Sampling Locations: 
Samples were collected at the Leon C Simon Bridge at a depth of approximately 0.3 
meters from the surface. The sampling locations and their GPS locations are listed below: 
1. Lake Pontchartrain Bridge: 30-01-726 N, 90-04-422 W 
2. Leon C Simon Bridge: 30-01-392 N, 90-04-252 W 
3. Robert E Lee Bridge: 30-01-298 N, 90-04-239 W 
4. Prentiss Pumping Station: 30-00-982 N, 90-04-211 W 
5. Filmore Bridge: 30-00-734 N, 90-04-198 W 
Additional Samples were collected at intermediate locations while sampling and the 
analysis results are presented in the results chapter.  
3.2 Sampling and Analysis: 
The surface samples were collected from Leon C Simon Bridge using a NASCO Swing 
Sampler. The Kemmerer sampler, shown in Figure 3.1 was used to collect depth samples 
from bridges and during the field survey. 
 
Figure 3.1: Kemmerer Water Sampler 
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Approximately two liters of sample was collected each time for analysis and these 
were transported to the laboratory for analysis. The following instruments were used for 
measuring the parameters: 
1. pH and temperature: were  measured using Orion Model 420 pH meter soon after 
sample collection. 
2. Turbidity: was measured using Micro 100 Turbidimeter, Scientific Inc. This meter 
measures the turbidity in normal transmittance units. The meter is first calibrated 
using the standard samples available after which the turbidity of the sample is 
measured.  
3. Salinity –YSI 85 S-C-DO-T meter 
4. Dissolved Oxygen - YSI 85 S-C-DO-T meter 
5. Conductivity - YSI 85 S-C-DO-T meter 
6. Saturation - YSI 85 S-C-DO-T meter 
The YSI Model 85 is a microprocessor based, digital meter with and attached 
combination conductivity and dissolved oxygen probe. The probe is a non-
detachable, combination sensor designed specifically for the YSI equipment. The 
system simultaneously displays temperature (0C), along with one of the following 
parameters: dissolved oxygen in either mg/L or % air saturation; conductivity; 
temperature compensated conductivity; salinity (in parts per thousand). 
7. BOD- Standard Methods (5210) for the Examination of Water and Wastewater.  
8. Chemical Oxygen Demand: Hach Inc.: The mg/L COD results are defined as the 
mg of O2 consumed per liter of sample under conditions of this procedure. In this 
procedure, the sample is heated for 2 hours with a strong oxidizing agent, 
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potassium dichromate. Oxidizable organic compounds react, reducing the 
dichromate ion (Cr2O72-) to green chromic ion (Cr3+). When the 0-1,500 mg/L 
method is used, the amount of Cr6+ remaining is determined. When the 0-1,500 
mg/L or 0-15,000 mg/L colorimetric method is used, the amount of Cr3+ produced 
is determined. The COD reagent also contains silver and mercury ions. Silver is a 
catalyst, and mercury is used to complex the chloride interference.  
9. Ammonia Nitrogen – Hach colorimeter kit for nutrient estimation. 
10. Nitrate Nitrogen – Hach colorimeter kit for nutrient estimation. 
11. Total Phosphorus – Hach colorimeter kit for nutrient estimation. 
12. Total Suspended Solids – the Filtration-Evaporation-Drying-Gravimetric Method 
(Method 2540 B), Standard Methods for the Examination of Water and 
Wastewater. 
Results of the laboratory analyses are presented in subsequent chapters. Following 
the experimentation and field work, a 2–dimensional model was developed by 
developing the mass balance equations for the parameters and the experimental data 
used for the background values to be used in the model.  
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4.0 Development of 2-Dimensional Model  
The London Canal from Filmore Bridge to the Lake Pontchartrain was divided into 4 
major cells each with a top and bottom cell respectively. Therefore, there are totally 8 
cells.  
4.1 Model Formulation: 
The top cells were designated with odd numbers and the bottom cells were denoted by 
even numbers as a convention. Figure 4.1 shows the design, discretization, dimensions 
and flow patterns in the 8 individual cells.  
 
 
Figure 4.1: 2-Layer Model of London Canal
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The general assumptions of the model are as follows: 
1. This is an imposed flow model. This model represents a simple mass balance 
approach considering the diffusion, advection and source and sink terms for the 
modeled nutrients.  
2. Width of London Canal = 50 m,  
3. Depth of the top cell = 2.3m (based on earlier studies and field observations), 
4. Depth of the bottom cell = 1.3 m (based on earlier studies and field observations), 
5. Lengths of the 8 cells = 200 m each, 
6. Diffusion Coefficient in the horizontal direction, Dx = 10 m2/s and in the vertical 
direction Dy = 0.0001 m2/s.  
7. Input flow from upstream and Prentiss Pumping Station, in the case of a pumping 
event = 50 m3/s. 
8. Because of entrainment from the lake, there is a small flow from the lake to cell 8 
designated by 4xdQ in figure 2. This flow splits into dQ, which is exchanged with 
the top cell number 7, and the remaining 3xdQ is passed on to the adjacent cell 
number 6. Similarly, Cell 6 receives 3xdQ from cell 8 and distributes dQ to cell 5 
and 2xdQ to cell 4 and so on. The flow distributions are illustrated in figure 2. 
The arrows indicate the direction of flow. For the entrainment flow, to begin with, 
a value of dQ = 0.1 m3/s was used (Amr Hussein Elshafie, 2000). 
9. Sign Conventions: Inflows are positive and outflows are negative for the 
individual cells in the mass balance model equation formulations.  
The concentration initializations for the individual parameters were done based on the 
back ground values.  
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Based on the input concentrations, the model calculates the concentration gradient, 
and the new concentration values at each time step. After getting the new value, the old 
value is over written with this new value. Using this updated old value, a fresh 
calculation loop is carried out. The concentration gradients are calculated using formulae 
described in the next section. The new concentrations are calculated at each time step 
using Euler’s formula as shown below.  
                  CNew = COld + (dC/dt) x ∆t                                                                       -- (4.1) 
Where, 
CNew = New Concentration of the nutrient calculated at the individual time step (mg/L), 
COld = Old Concentration of the nutrient calculated at the individual time step (mg/L), 
dC/dt = concentration gradients (mg/L.s). 
4.2 Model Equations: 
This section gives the concentration gradient equations for the 8 parameters that were 
modeled in this study. The equations were derived based on a simple mass balance 
approach incorporating diffusion (longitudinal and vertical), advection and generation 
(source and sink) terms. The following are some of the variables applicable to all the cells 
in the model in general.  
D1 = depth of the top cell (m), 
D2 = depth of the bottom cell (m), 
W = width of the canal (m), 
Li = Length of the ith cell (m), 
Dx = longitudinal dispersion coefficient (m2/s), 
Dy = vertical dispersion coefficient (m2/s), 
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Ci  = concentration of the component in the ith cell (mg/L), 
CPr = concentration of the flow from Prentiss Pumping Station (mg/L), 
CLake = concentration of the component in the Lake Pontchartrain (mg/L), 
Vi = volume of the ith cell (m3). The cells are assumed to be rectangular in cross-section 
and hence the volume is the product of the length, breadth and height of the cells. 
Xij = longitudinal distance between the centroids of the ith and jth cells (m) = average of 
the lengths of the two cells. 
Yij= vertical distance between the centroids of the ith top cell and jth bottom cell (m) = 
average of the depths of the two cells,  
Q1 = upstream flow (50 m3/second), 
Q2 = flow from Prentiss pumping station (50 m3/s), 
dQ = entrainment flow (0.1 m3/s). 
4.2.1 Salinity Equations: 
 
The concentration gradient equations for the individual nutrients were developed using a 
simple mass balance approach considering advection, diffusion, sources and sinks as the 
major terms. The following are the concentration gradient equations for the salinity 
variations in each of the eight cells.  
 
Cell 1: 
}*)(*{1)()( 21110
1
12
121
1
13
131
11 dQCdqQCQC
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
++−+−+−=     -- (4.2) 
Cell 2:  
)}(*{1)()( 24
2
21
122
1
24
242
22 CCdQ
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
−− +−+=                          -- (4.3) 
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Cell 3: 
}*)(*)*2(
*{1)()()(
411213
2Pr
3
34
343
2
31
133
1
35
533
13
dQCdQQCdQQQC
QC
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
+++++
−+−+−+−=
  
-- (4.4)  
Cell 4: 
)}(**2{1)()()( 46
4
43
344
2
42
244
2
46
464
24 CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
−+−+−+−=     -- (4.5) 
Cell 5: 
}*)*3(
*)*2(*{1)()()(
521
3216
5
56
565
3
53
535
1
57
575
15
CdQQQ
CdQQQCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
++−
++++−+−+−=
                                 -- (4.6) 
Cell 6: 
 
)}(**3{1)()()( 68
6
65
566
3
64
466
2
68
866
26 CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
−+−+−+−=   
                                                                                                                                    -- (4.7) 
 
Cell 7: 
 
}*)*4(*)*3(
*{1)()()(
721521
8
7
78
787
4
7
77
1
75
577
17
CdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC y
Lake
L
xx
++−++
++−+−+−=    
                                            -- (4.8) 
 
Cell 8: 
 
)}(**4{1)()()( 8
8
87
788
4
86
688
2
8
88
28 CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC
Lake
yx
Lake
L
x
−+−+−+−=  
           -- (4.9)  
4.2.2 Inert tracer Equations: 
 
The following are the concentration gradient equations for an inert tracer with a single 
instantaneous input of 100 mg/L at the Prentiss Pumping Station.  
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Cell 1: 
}*)(*{1)()( 21110
1
12
121
1
13
131
11 dQCdQQCQC
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
++−+−+−=  -- (4.10) 
Cell 2:  
)}(*{1)()( 24
2
21
122
1
24
242
22 CCdQ
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
−− +−+=                            -- (4.11)  
Cell 3: 
}*)(*)*2(
*{1)()()(
411213
2Pr
3
34
343
2
31
133
1
35
533
13
dQCdQQCdQQQC
QC
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
+++++
−+−+−+−=
  
                                          -- (4.12) 
Cell 4: 
)}(**2{1)()()( 46
4
43
344
2
42
244
2
46
464
24 CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
−+−+−+−=   -- (4.13) 
Cell 5: 
}*)*3(*)*2(
*{1)()()(
521321
6
5
56
565
3
53
535
1
57
575
15
CdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
++−++
++−+−+−=    
                                                     -- (4.14) 
Cell 6: 
 
)}(**3{1)()()( 68
6
65
566
3
64
466
2
68
866
26 CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
−+−+−+−=   -- (4.15) 
 
Cell 7: 
 
}*)*4(
*)*3(*{1)()(
721
5218
7
78
787
4
75
577
17
CdQQQ
CdQQQCdQ
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
++−
++++−+−=            
          -- (4.16) 
Cell 8: 
 
)}(**4{1)()( 8
8
87
788
4
86
688
28 CCdQ
V
CC
YV
WDLCC
XV
WDD
dt
dC
Lake
yx
−+−+−=                             -- (4.17) 
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4.2.3 Organic Nitrogen Equations: 
 
A step wise transformation occurs from organic nitrogen to ammonia, ammonia to nitrate, 
and finally to nitrate. The following are the concentration gradient equations for organic 
nitrogen variations in each of the eight cells. The source term contains an algal 
respiration term, hydrolysis of organic nitrogen to ammonia term, and an organic nitrogen 
settling term. 
 
Cell 1: 
)(**1}*
)(*{1)()(
4312
1110
1
12
121
1
13
131
11
σβρ +−+
++−+−+−=
CAadQC
dQQCQC
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
        
                                       -- (4.18) 
Cell 2:  
)(**1
)}(*{1)()(
432
24
2
21
122
1
24
242
22
σβρ +−
++−+= −−
CAa
CCdQ
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
 
                                -- (4.19) 
Cell 3: 
)(3**1}*)(*)*2(
*{1)()()(
43411213
2Pr
3
34
343
2
31
133
1
35
533
13
σβρ +−++++++
−+−+−+−=
CAadQCdQQCdQQQC
QC
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
  
                                         -- (4.20) 
Cell 4: 
)(4**1
)}(**2{1)()()(
43
46
4
43
344
2
42
244
2
46
464
24
σβρ +−+
+−+−+−= −
CAa
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
 
                    -- (4.21) 
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Cell 5: 
)(**1}*)*3(*)*2(
*{1)()()(
435521321
6
5
56
565
3
53
535
1
57
575
15
σβρ +−+++−++
++−+−+−=
CAaCdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
 
                    -- (4.22) 
Cell 6: 
 
)(**1
)}(**3{1)()()(
436
68
6
65
566
3
64
466
2
68
866
26
σβρ +−+
−+−+−+−=
CAa
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
 
                    -- (4.23) 
     
Cell 7: 
 
)(**1}*)*4(*)*3(
*{1)()()(
437721521
8
7
78
787
4
7
77
1
75
577
17
σβρ +−+++−++
++−+−+−=
CAaCdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC y
Lake
L
xx
 
                    -- (4.24) 
 
Cell 8: 
 
)(**1
)}(**4{1)()()(
438
8
8
87
788
4
86
688
2
8
88
28
σβρ +−+
+−+−+−= −
CAa
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC
Lake
yx
Lake
L
x
 
                    -- (4.25) 
 
Where, 
α1 = fraction of algal biomass that is Nitrogen (mg-N/mg-A), 
β3 = rate constant for hydrolysis of organic nitrogen to ammonia nitrogen (day-1), 
ρ = algal respiration rate (day-1), 
A = algal biomass concentration (mg-A/L), 
σ4 = rate coefficient for organic nitrogen settling (day-1). 
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4.2.4 Ammonia Nitrogen Equations: 
 
The following are the concentration gradient equations for ammonia nitrogen variations 
in each of the eight cells. The source term contains an organic nitrogen hydrolysis term, 
ammonia oxidation term, benthos source term for ammonia and an algal nitrogen uptake 
term. 
 
Cell 1: 
131131
21110
1
12
121
1
13
131
11
/*][***1*
}*)(*{1)()(
DCNOrgAaF
dQCdQQCQC
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
σββµ +−−+−
++−+−+−=
 
                    -- (4.26) 
Cell 2:  
23213
224
2
21
122
1
24
242
22
/*][*
**1*)}(*{1)()(
DCNOrg
AaFCCdQ
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
σββ
µ
+−−+
−+−+= −−
 
                    -- (4.27) 
Cell 3: 
13313
3411213
2Pr
3
34
343
2
31
133
1
35
533
13
/*][*
**1*}*)(*)*2(
*{1)()()(
DCNOrg
AaFdQCdqQCdQQQC
QC
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
σββ
µ
+−−
+−+++++
−+−+−+−=
 
                    -- (4.28) 
Cell 4: 
234134
46
4
43
344
2
42
244
2
46
464
24
/*][***1*
)}(**2{1)()()(
DCNOrgAaF
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
σββµ +−−+−
+−+−+−= −  
                    -- (4.29) 
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Cell 5: 
1/*][*
**1*}*)*3(*)*2(
*{1)()()(
3513
5521321
6
5
56
565
3
53
535
1
57
575
15
DCNOrg
AaFCdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
σββ
µ
+−−
+−++−++
++−+−+−=
 
                    -- (4.30) 
Cell 6: 
 
236136
68
6
65
566
3
64
466
2
68
866
26
/*][***1*
)}(**3{1)()()(
DCNOrgAaF
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
σββµ +−−+−
−+−+−+−=  
                    -- (4.31) 
 
Cell 7: 
1/*][*
**1*}*)*4(*)*3(
*{1)()()(
3713
7721521
8
7
78
787
4
7
77
1
75
577
17
DCNOrg
AaFCdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC y
Lake
L
xx
σββ
µ
+−−
+−++−++
++−+−+−=
 
                    -- (4.32) 
Cell8: 
 
2/*][***1*
)}(**4{1)()()(
38138
8
8
87
788
4
86
688
2
8
88
28
DCNOrgAaF
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC
Lake
yx
Lake
L
x
σββµ +−−+−
+−+−+−= −  
                               -- (4.33) 
 
Where, 
α1 = fraction of algal biomass that is Nitrogen (mg-N/mg-A), 
β1 = rate constant for biological oxidation of ammonia nitrogen (day-1), 
β3 = rate constant for hydrolysis of organic nitrogen to ammonia nitrogen (day-1), 
A = algal biomass concentration (mg-A/L), 
σ3 = benthos source rate for ammonia nitrogen (mg-N/ft2.day). 
PN = preference factor for ammonia nitrogen (0 to 1.0 – assuming 0.5) 
Fi = fraction of algal nitrogen uptake from the ammonia pool in the ith cell 
   = PN[ammonia nitrogeni] / {PN[ammonia nitrogeni] + (1 – PN)[nitrate nitrogeni]} 
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4.2.5 Nitrite Nitrogen Equations: 
 
The following are the concentration gradient equations for nitrite nitrogen variations in 
each of the eight cells. The source term contains ammonia and nitrite oxidation terms. 
Cell 1: 
121
21110
1
12
121
1
13
131
11
*][
}*)(*{1)()(
Cammonia
dQCdQQCQC
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
ββ −+
++−+−+−=
 
                    -- (4.34) 
Cell 2:  
22124
2
21
122
1
24
242
22 *][)}(*{1)()( CammoniaCCdQ
V
CC
YV
WDLCC
XV
WDD
dt
dC yx ββ −++−+= −−  
                    -- (4.35) 
Cell 3: 
321411213
2Pr
3
34
343
2
31
133
1
35
533
13
*][}*)(*)*2(
*{1)()()(
CammoniadQCdqQCdQQQC
QC
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
ββ −++++++
−+−+−+−=
 
                    -- (4.36) 
Cell 4: 
421
46
4
43
344
2
42
244
2
46
464
24
*][
)}(**2{1)()()(
Cammonia
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
ββ −+
+−+−+−= −  
                    -- (4.37) 
Cell 5: 
521521321
6
5
56
565
3
53
535
1
57
575
15
*][}*)*3(*)*2(
*{1)()()(
CammoniaCdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
ββ −+++−++
++−+−+−=  
                    -- (4.38) 
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Cell 6: 
 
621
68
6
65
566
3
64
466
2
68
866
26
*][
)}(**3{1)()()(
Cammonia
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
ββ −+
−+−+−+−=  
                    -- (4.39) 
 
Cell 7: 
721721521
8
7
78
787
4
7
77
1
75
577
17
*][}*)*4(*)*3(
*{1)()()(
CammoniaCdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC y
Lake
L
xx
ββ −+++−++
++−+−+−=  
                    -- (4.40) 
Cell8: 
 
821
8
8
87
788
4
86
688
2
8
88
28
*][
)}(**4{1)()()(
Cammonia
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC
Lake
yx
Lake
L
x
ββ −+
+−+−+−= −  
                    -- (4.41)  
Where, 
β1 = rate constant for biological oxidation of ammonia nitrogen (day-1), 
β2 = rate constant for oxidation of nitrite nitrogen (day-1). 
4.2.6 Nitrate Nitrogen Equations: 
 
The following are the concentration gradient equations for nitrate nitrogen variations in 
each of the eight cells. The source term contains a nitrite oxidation term, and an algal 
growth rate term.  
Cell 1: 
AFnitrite
dQCdQQCQC
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
***)1(][
}*)(*{1)()(
112
21110
1
12
121
1
13
131
11
µαβ −−+
++−+−+−=
 
                    -- (4.42) 
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Cell 2:  
AF
nitriteCCdQ
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
***)1(
][)}(*{1)()(
12
224
2
21
122
1
24
242
22
µα
β
−−
++−+= −−
 
                    -- (4.43) 
Cell 3: 
AFnitritedQCdqQCdQQQC
QC
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
***)1(][}*)(*)*2(
*{1)()()(
132411213
2Pr
3
34
343
2
31
133
1
35
533
13
µαβ −−++++++
−+−+−+−=
 
                    -- (4.44) 
Cell 4: 
AFnitrite
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
***)1(][
)}(**2{1)()()(
142
46
4
43
344
2
42
244
2
46
464
24
µαβ −−+
+−+−+−= −  
                    -- (4.45) 
Cell 5: 
AFnitriteCdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
***)1(][}*)*3(*)*2(
*{1)()()(
152521321
6
5
56
565
3
53
535
1
57
575
15
µαβ −−+++−++
++−+−+−=  
                    -- (4.46) 
Cell 6: 
 
AFnitrite
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
***)1(][
)}(**3{1)()()(
162
68
6
65
566
3
64
466
2
68
866
26
µαβ −−+
−+−+−+−=  
                    -- (4.47) 
Cell 7: 
AFnitriteCdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC y
Lake
L
xx
***)1(][}*)*4(*)*3(
*{1)()()(
172721521
8
7
78
787
4
7
77
1
75
577
17
µαβ −−+++−++
++−+−+−=  
                    -- (4.48) 
 
 
 
                           26 
 
Cell8: 
AFnitrite
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC
Lake
yx
Lake
L
x
***)1(][
)}(**4{1)()()(
182
8
8
87
788
4
86
688
2
8
88
28
µαβ −−+
+−+−+−= −  
                    -- (4.49)  
Where, 
α1 = fraction of algal biomass that is Nitrogen (mg-N/mg-A), 
β2 = rate constant for oxidation of nitrite nitrogen (day-1), 
A = algal biomass concentration (mg-A/L), 
µ = local specific growth rate of algae (day-1), 
PN = preference factor for ammonia nitrogen (0 to 1.0 – assuming 0.5) 
Fi = fraction of algal nitrogen uptake from the ammonia pool in the ith cell 
   = PN[ammonia nitrogeni] / {PN[ammonia nitrogeni] + (1 – PN)[nitrate nitrogeni]} 
4.2.7 Organic Phosphorus Equations: 
The following are the concentration gradient equations for organic phosphorus variations 
in each of the eight cells. Organic phosphorus is generated by algal death. This is then 
converted to inorganic phosphorus whereby it can be used by algae. The source term for 
organic phosphorus contains a algal respiration term, organic phosphorus decay term, and 
an organic phosphorus settling term.  
Cell 1: 
1542
21110
1
12
121
1
13
131
11
*)(**
}*)(*{1)()(
CA
dQCdQQCQC
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
σβρα +−+
++−+−+−=
 
                    -- (4.50) 
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Cell 2:  
254
224
2
21
122
1
24
242
22
*)(
**)}(*{1)()(
C
ACCdQ
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
σβ
ρα
+−
++−+= −−
 
                    -- (4.51) 
Cell 3: 
3542411213
2Pr
3
34
343
2
31
133
1
35
533
13
*)(**}*)(*)*2(
*{1)()()(
CAdQCdqQCdQQQC
QC
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
σβρα +−++++++
−+−+−+−=
 
                    -- (4.52) 
Cell 4: 
4542
46
4
43
344
2
42
244
2
46
464
24
*)(**
)}(**2{1)()()(
CA
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
σβρα +−+
+−+−+−= −  
                    -- (4.53) 
Cell 5: 
5542521321
6
5
56
565
3
53
535
1
57
575
15
*)(**}*)*3(*)*2(
*{1)()()(
CACdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
σβρα +−+++−++
++−+−+−=  
                    -- (4.54) 
Cell 6: 
 
6542
68
6
65
566
3
64
466
2
68
866
26
*)(**
)}(**3{1)()()(
CA
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
σβρα +−+
−+−+−+−=  
                    -- (4.55) 
Cell 7: 
7542721521
8
7
78
787
4
7
77
1
75
577
17
*)(**}*)*4(*)*3(
*{1)()()(
CACdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC y
Lake
L
xx
σβρα +−+++−++
++−+−+−=  
                    -- (4.56) 
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Cell8: 
8542
8
8
87
788
4
86
688
2
8
88
28
*)(**
)}(**4{1)()()(
CA
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC
Lake
yx
Lake
L
x
σβρα +−+
+−+−+−= −  
                    -- (4.57)  
Where, 
α2 = phosphorus content in algae (mg-P/mg-A), 
ρ = algal respiration rate (day-1), 
A = algal biomass concentration (mg-A/L), 
β4 = organic phosphorus decay rate (day-1), 
σ5 = organic phosphorus settling rate, (day-1), 
4.2.8 Dissolved Phosphorus Equations: 
The following are the concentration gradient equations for dissolved phosphorus 
variations in each of the eight cells. The source term contains an organic phosphorus 
decay term, benthos source term for phosphorus and an algal phosphorus term. 
Cell 1: 
ADC
dQCdQQCQC
V
CC
YV
WDLCC
XV
WDD
dt
dC yx
**/*
}*)(*{1)()(
21214
21110
1
12
121
1
13
131
11
µασβ −++
++−+−+−=
 
                    -- (4.58) 
Cell 2:  
ADCCCdQ
V
CC
YV
WDLCC
XV
WDD
dt
dC yx **/*)}(*{1)()( 2222424
2
21
122
1
24
242
22 µασβ −−− +++−+=
                    -- (4.59) 
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Cell 3: 
ADCdQCdqQCdQQQC
QC
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
**/*}*)(*)*2(
*{1)()()(
21234411213
2Pr
3
34
343
2
31
133
1
35
533
13
µασβ −+++++++
−+−+−+−=
 
                    -- (4.60) 
Cell 4: 
ADC
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
**/*
)}(**2{1)()()(
22244
46
4
43
344
2
42
244
2
46
464
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µασβ −
−
++
+−+−+−=  
                    -- (4.61) 
Cell 5: 
ADCCdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
**/*}*)*3(*)*2(
*{1)()()(
21254521321
6
5
56
565
3
53
535
1
57
575
15
µασβ −++++−++
++−+−+−=  
                    -- (4.62) 
Cell 6: 
 
ADC
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC yxx
**/*
)}(**3{1)()()(
22264
68
6
65
566
3
64
466
2
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866
26
µασβ −++
−+−+−+−=  
                    -- (4.63) 
 
 
Cell 7: 
ADCCdQQQCdQQQ
CdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC y
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L
xx
**/*}7*)*4(*)*3(
*{1)()()(
2127421521
8
7
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787
4
7
77
1
75
577
17
µασβ −++++−++
++−+−+−=  
                    -- (4.64) 
Cell8: 
ADC
CCdQ
V
CC
YV
WDLCC
XV
WDDCC
XV
WDD
dt
dC
Lake
yx
Lake
L
x
**/*
)}(**4{1)()()(
22284
8
8
87
788
4
86
688
2
8
88
28
µασβ −
−
++
+−+−+−=  
                    -- (4.65)  
Where, 
σ2 = benthos source rate for dissolved phosphorus (mg-P/ft2-day), 
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α2 = phosphorus content in algae (mg-P/mg-A), 
µ = algal growth rate (day-1), 
A = algal biomass concentration (mg-A/L). 
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5.0 Results 
 
5.1 Field Results 
 
Experimental data obtained for the dry weather and rainfall scenarios are tabulated in 
Tables 5.1 and 5.2. The columns in the tables are defined as follows: 
Table 5.1: Experimental Data – Summer 2002. 
Column 2: Date and rain event description 
Column 3: pH values 
Column 4: Temperature (oC) 
Column 5: Salinity (parts per thousand) 
Column 6: Saturation with dissolved oxygen (percentage) 
Column 7: Dissolved Oxygen (mg/L) 
Column 8: Turbidity (Normal Transmittance Unit)  
Columns 9 and 10: Conductivity (US and ms units) 
Column 11: Biochemical Oxygen Demand (mg/L). 
Table 5.2: Experimental Data – 16th January, ’03 to 26th March, ’03. 
Column 3: Sampling Location Description, depth, velocity and flow measurements made 
using flow meter. 
Column 4: GPS location reading of the sampling locations 
Column 5: Depth of sampling (feet) 
Column 6: Water Temperature (oC)
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Column 7: pH 
Column 8: Salinity (parts per trillion) 
Column 9: Saturation with dissolved oxygen (percentage) 
Column 10: Dissolved Oxygen (mg/L) 
Column 11: Conductivity (US and ms units) 
Column 12: Chemical Oxygen Demand (mg/L) 
Column 13: Ammonia Nitrogen Concentration (mg/L) 
Column 14: Nitrate Nitrogen Concentration (mg/L) 
Column 15: Total Phosphorus Concentration (mg/L). 
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Table 5.1: Experimental Data - Summer, 2002 
 
S No Date pH Temperature Salinity Saturation D O Turbidity Conductivity   BOD 
      oC ppt % mg/l NTU US ms mg/l 
1 25th june 7.32 26.4 2.1 62.7 5.18 22 3528   
2
26th june 
Rain 6.42 24.5 0.4 48.2 4.55 110.5 762   
3
27th june 
Rain 6.99 19.6 1.4 64.7 6.97 71.7 2487   
4 28th june 6.85 24.8 0.8 54 5.12 341 1678  20.79
5 29th june 7.38 23.9 3.1 43 7.64 60  5.69 10.34
6 30th june 6.76 27.6 3 56 6.82 22.7  5.75 14.4
7 1st july 8 26.1 3.7 92.6 5.35 8.84  6.82  
8 2nd july 8.47 27 3.9 59.8 5.36 13  7.46  
9 3rd july Rain 7.09 27.8 4.1 45.8 3.98 15.4  6.9  
11 5th july 7.75 30.7 3.8 42.2 3.22 16.5  7.34 12.7
12 6th july 7.57 29.9 3.8 40.5 3.18 18.1  7.15/6.91 15.98
13 7th july 8.98 31.4 3.1 48.5 3.74 16.5  6.23/5.83 18.23
14 8th july 8.35 29.9 4 45.2 3.54 14.8  7.61/7.33 12.45
15 9th july 8.31 30 4 52.4 3.7 20.1  7.13/7.34  
16 10th july 8.03 31.6 4.3 43.6 3.31 22.4  8.32/7.81  
17 11th july 7.84 32.1 4.4 42.1 3.71 20.1  8.61/8.03 ??
19 13th july Rain 7.47 30.7 4.5 39.4 3.08 20.8  8.59/8.21 49.84
20 14th july 7.15 27.9 2.5 28.8 2.4 10.2 4738/4724  44.5
21 15th july 7.4 28.5 2.4 35.4 2.87 18.5 4535/4488   
21 16th july 8.56 31.3 3.7 52.1 3.93 15.4  7.27/6.78  
22 17th july 8.73 31.4 4.5 49.3 3.82 18.1  8.74/8.19  
23 18th july 8.59 31.6 4.6 53.8 4.08 22.5  8.83/8.25 24.5
24 19th july 8.7 33.3 4.1 59.9 4.45 22.3  8.22/7.49  
25 20th july 8.36 31.3 3.6 46 3.62 16  7.03/6.69 30.02
26 21th july Rain 8.1 31 3.8 60.3 4.63 20  7.48/6.98  
27 23rd july 8.55 31.2 4.3 75.5 6.01 16.6  7.84/7.72  
28 24th july 7.96 31.2 4.2 66.2 5.06 14.3  8.09/7.65  
29 25th july Rain 7.59 30.1 3.6 56.1 4.46 35.5  6.86/6.82 45.2
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30 26th july 7.2 27.6 1.7 38.2 3.2 11.8 3225/3248  28.4
31 27th july 7.29 29.7 2.4 53 4.3 14.1 4649/4506     
Sampling Location: Leon C Simon Bridge. 
 
 
Table 5.2: Experimental Data - 16th January, 2003 to 26th March, 2003 
 
  Date  Location  GPS Depth Temp pH Sal Sat DO  Cond COD 
NH3 
- N 
NO3 
- N 
Total 
P 
      
 (if 
available) ft 0C   ppt % mg/L US/ms mg/L mg/L mg/L mg/L
                              
1
16th Jan, 
03 
Leon C Simon 
Br     14 6.83 3.2 98.87 9.67 3506.00 34.00 0.18 0.02 0.14
                              
2
20th Jan, 
03 
Leon C Simon 
Br     17.5 7.88 3 94.70 8.87 3471.00 32.00 0.31 0.02 0.16
                              
3
30th Jan, 
'03   
30o 
01.651 N 1 7.8 6.98 2.4 98.00 9.87 3048.00 51.00 0.54 0.11 0.40
      90o 4.422 2 7.5 7.01 2.5 97.00 9.42 4687.00 42.30 0.51 0.14 0.70
        3 7.4 7.13 2.5 98.00 9.42 3116.00 47.30 0.44 0.08 0.36
        4 7.6 7.24 2.7 84.20 7.65 3227.00 34.70 0.43 0.02 0.55
        5 7.6 7.82 2.6 82.70 7.65 3234.00 29.50 0.38 0.01 0.41
                              
    
Lafiyette 
Village 
30o 
01.429 N 1 8 7.21 2.7 96.40 8.35 3391.00 39.72 0.50 0.10 0.64
    (leon C simon) 90o 4.261 2 7.7 7.43 2.7 96.30 7.37 3411.00 39.25 0.47 0.13 0.37
        3 7.7 7.49 2.8 89.10 6.87 3430.00 28.93 0.40 0.07 0.51
        4 7.7 7.69 2.8 83.10 7.17 3437.00 26.22 0.39 0.04 0.38
        5 7.6 7.79 3 74.90 5.91 3427.00 17.05 0.34 0.01 0.33
                              
    
Lake 
Pontchartrain 
Bridge   1 8.8 7.48 2.2 102.10 14.43 2894.00 26.53 0.67 0.14 0.49
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        2 8.7 7.60 2.2 98.16 12.23 2869.00 22.01 0.63 0.17 0.86
        3 8.9 7.69 2.2 97.23 13.13 2875.00 24.61 0.54 0.10 0.44
        4 9.4 7.73 2.3 96.14 13.16 2990.00 18.05 0.53 0.02 0.68
        5 9.5 7.63 2.5 107.01 13.69 3310.00 15.35 0.47 0.01 0.51
                              
4
3rd Feb, 
03 
Leon C Simon 
Br    9.9 7.81 2.84 45.20 8.54 2975.00 18.45 0.34 0.04 0.21
5
6th Feb, 
03 
Leon C Simon 
Br     10.57 6.76 3 72.70 6.82 3021.00 17.93 0.37 0.03 0.19
                              
6
10th Feb, 
03 
Leon C Simon 
Br     9.21 7.20 3.2 88.20 3.20 3248.00 28.40     
7
13th Feb, 
03 
Leon C Simon 
Br     17.33 7.80 2.97 93.75 8.78 3436.00 31.70 0.31 0.02 0.16
                              
8
13th Feb 
'03 
Lake 
Pontchartrain 
Bridge   1 9.8 7.75 2.2 98.60 9.73 2958.00 26.19 0.69 0.14 0.50
        2 9.7 7.61 2.2 98.80 9.35 2950.00 21.29 0.65 0.18 0.89
    
Total Depth = 
11 ft 
30-01-726 
N 3 9.6 7.73 2.2 95.90 9.06 2940.00 24.29 0.56 0.10 0.45
    
Surface Vel = 
0.45 fps   4 9.3 7.84 2.2 99.40 9.72 2935.00 17.82 0.55 0.02 0.70
    V5ft = 0.37 ft/s 
90-04-422 
W 5 9.1 7.95 2.2 95.90 9.52 2933.00 15.15 0.48 0.01 0.53
                              
    
Bend 
Opposite to 
privateer   1 10.8 7.24 2.3 97.80 9.84 3131.00 25.33 0.67 0.14 0.49
        2 11.2 7.19 2.3 95.30 9.63 3157.00 20.68 0.63 0.17 0.86
    
Total Depth = 
13 ft 
30-01-725 
N 3 10.3 7.14 2.3 98.00 9.54 3135.00 23.59 0.54 0.10 0.44
    
Surface Vel = 
0.20 ft/s   4 9.2 7.09 2.2 92.70 9.78 2942.00 17.31 0.53 0.02 0.68
    V5ft = 0.18 ft/s 
90-04-422 
W 5 8.7 6.98 2.2 90.20 8.60 2879.00 14.72 0.47 0.01 0.51
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Midway 
between LCS 
and Bend   1 10.3 7.12 2.3 101.40 10.25 3107.00 26.12 0.69 0.14 0.50
        2 10.2 7.08 2.3 98.10 9.59 3115.00 21.33 0.65 0.18 0.89
    
Total Depth = 
9 ft 
30-01-568 
N 3 10.2 7.11 2.3 96.40 9.37 3137.00 24.33 0.56 0.10 0.45
    
Surface Vel = 
0.43 ft/s   4 9.9 6.98 2.4 96.90 9.21 3150.00 17.85 0.55 0.02 0.70
    V5ft = 0.32 ft/s 
90-04-323 
W 5 9.6 6.94 2.4 89.80 9.14 3229.00 15.18 0.48 0.01 0.53
                              
    
Leon C 
Simon Bridge   1 10 6.98 2.4 99.30 10.37 3159.00 56.66 0.60 0.12 0.44
        2 9.6 6.79 2.3 97.30 9.28 3081.00 46.99 0.57 0.16 0.78
    
Total Depth = 
11 ft 
30-01-392 
N 3 8.6 6.85 2.4 99.50 9.62 3026.00 52.55 0.49 0.09 0.40
    
Surface Vel = 
0.43 ft/s   4 8.4 6.80 2.4 91.90 8.96 3006.00 38.55 0.48 0.02 0.61
    V5ft = 0.08 ft/s 
90-04-252 
W 5 9.1 6.78 2.8 91.40 9.33 3569.00 32.77 0.42 0.01 0.46
                              
    
Robert E Lee 
Bridge   1 10.2 7.38 2.4 96.30 10.42 3204.00 45.85 0.49 0.10 0.36
        2 9.8 7.19 2.4 98.60 10.37 3192.00 38.03 0.46 0.13 0.63
    
Total Depth = 
12 ft 
30-01-298 
N 3 8.8 7.19 2.4 99.20 10.61 3068.00 42.53 0.40 0.07 0.32
    
Surface Vel = 
0.18 ft/s   4 9.2 7.15 2.6 94.30 9.91 3314.00 31.20 0.39 0.02 0.49
    V5ft = 0.09 ft/s 
90-04-239 
W 5 9.4 6.96 2.9 96.80 10.15 3752.00 26.52 0.34 0.01 0.37
                              
    
Midway 
between REL 
and Prentiss   1 12.2 7.12 2.5 97.80 9.25 3502.00 50.44 0.53 0.11 0.40
        2 10.9 7.06 2.6 99.30 9.79 3476.00 41.84 0.50 0.14 0.69
    
Total Depth = 
12 ft 
30-01-127 
N 3 10.3 7.01 2.7 94.60 8.84 3556.00 46.78 0.44 0.08 0.36
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Surface Vel = 
0.30 ft/s   4 10 6.98 2.8 94.10 9.13 3760.00 34.32 0.43 0.02 0.54
    V5ft = 0.31 ft/s 
90-04-218 
W 5 9.6 6.74 2.9 92.70 8.55 3793.00 29.18 0.38 0.01 0.41
                              
    
Prentiss 
Pumping 
Station   1 10.8 7.12 2.5 99.40 15.15 3364.00 39.29 0.49 0.10 0.63
        2 10.4 7.04 2.5 97.90 12.94 3413.00 38.82 0.46 0.13 0.37
    
Total Depth = 
18 ft 
30-00-982 
N 3 10.1 7.01 2.8 96.60 11.74 3669.00 28.61 0.40 0.07 0.50
    
Surface Vel = 
0.23 ft/s   4 10 6.98 2.9 97.10 9.86 3750.00 25.93 0.39 0.04 0.38
    V5ft = 0.18 ft/s 
90-04-211 
W 5 9.4 6.89 2.9 95.60 9.25 3791.00 16.86 0.34 0.01 0.33
                              
    
Midway 
between 
Prentiss & 
Filmore   1 11.8 7.34 2.6 99.40 14.33 3556.00 26.24 0.28 0.06 0.21
        2 10.5 7.12 2.6 99.10 11.56 3529.00 21.77 0.26 0.07 0.36
    
Total Depth = 
12 ft 
30-00-825 
N 3 10.2 7.09 2.7 95.40 11.03 3585.00 24.34 0.23 0.04 0.19
    
Surface Vel = 
0.28 ft/s   4 10 6.97 2.8 94.50 9.57 3712.00 17.86 0.22 0.01 0.28
    V5ft = 0.14 ft/s 
90-04-196 
W 5 9.7 6.79 2.9 91.20 9.25 3798.00 15.18 0.20 0.01 0.21
                              
    
Filmore 
Bridge   1 11.3 7.45 2.6 100.90 9.87 3585.00 32.38 0.41 0.08 0.52
        2 10.6 7.39 2.6 98.70 9.75 3491.00 32.00 0.38 0.11 0.30
    
Total Depth = 
12 ft 
30-00-734 
N 3 10.2 7.27 2.6 99.90 8.43 3488.00 23.58 0.33 0.06 0.42
    
Surface Vel = 
0.29 ft/s   4 10 7.21 2.8 101.40 9.21 3644.00 21.37 0.32 0.03 0.31
    V5ft = 0.09 ft/s 
90-04-198 
W 5 9.6 6.96 2.9 103.20 10.71 3701.00 13.90 0.28 0.01 0.27
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9
17th Feb, 
03 
Leon C Simon 
Br     14.20 6.93 3.20 100.30 9.81 3555.00 34.48 0.18 0.03 0.14
                              
  
20th Feb, 
03 
Rain Event - 3 
inches of rain                         
                             
10
21st Feb, 
03 
Leon C Simon 
Br     13.6 6.54 0.5 83.60 6.96 3926.00 38.12 0.21 0.14 0.24
11
22nd Feb, 
03 
Leon C Simon 
Br     13.8 6.71 0.7 92.30 7.90 3499.00 39.01 0.19 0.11 0.18
                              
12
23th Feb, 
03 
Leon C Simon 
Br     13.6 6.83 1.4 93.40 8.10 3675.00 37.81 0.16 0.09 0.16
                              
13
27th Feb, 
03 
Leon C Simon 
Br     13.5 6.98 1.8 92.10 8.40 3970.00 35.92 0.14 0.12 0.16
                              
  3rd March Rain Event 1 inch                       
                              
14 4th March                           
    L P Bridge 
30-01-726 
N 1 14 6.71 0.4 99.30 9.85 3499.00 35.89 0.54 0.42 0.24
      
90-04-422 
W 2 13.8 6.68 0.5 97.30 9.78 3579.00 36.01 0.52 0.39 0.24
       3 13.6 6.43 0.5 99.50 9.85 3670.00 34.29 0.48 0.41 0.23
        4 13.5 6.32 0.7 91.90 8.89 3889.00 32.91 0.42 0.38 0.21
        5 13.2 6.21 0.8 91.40 8.85 3897.00 30.02 0.39 0.37 0.19
                              
    
Leon C 
Simon Bridge   1 14.2 6.73 0.6 96.30 9.95 3429.00 35.17 0.53 0.41 0.24
      
30-01-392 
N 2 13.7 6.41 0.6 98.60 9.88 3507.00 35.29 0.51 0.38 0.24
      
90-04-252 
W 3 13.8 6.63 0.6 99.20 9.95 3596.00 33.60 0.47 0.40 0.23
       4 12.9 6.57 0.7 94.30 8.98 3811.00 32.35 0.41 0.37 0.21
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        5 13.1 6.21 0.7 96.80 8.94 3819.00 29.42 0.38 0.36 0.19
                              
    
Robert E Lee 
Bridge   1 12.9 6.61 0.8 97.80 9.93 3525.00 31.34 0.47 0.37 0.21
      
30-01-298 
N 2 12.6 6.54 1.1 99.30 9.78 3760.89 31.44 0.45 0.34 0.21
      
90-04-239 
W 3 12.2 6.52 0.9 94.60 9.89 3889.42 29.94 0.42 0.36 0.20
       4 11.9 6.43 1.2 94.10 9.72 3970.26 28.82 0.37 0.33 0.18
        5 11.8 6.21 1.3 92.70 8.98 3980.25 26.21 0.34 0.32 0.17
15 5th March                           
    L P Bridge 
30-01-726 
N 1 13.3 6.85 1.7 96.30 9.83 3464.00 35.53 0.53 0.42 0.24
      
90-04-422 
W 2 13.11 6.82 1.8 98.60 9.68 3543.00 35.65 0.51 0.39 0.24
        3 12.92 6.56 2.2 99.20 9.79 3633.00 33.95 0.48 0.41 0.23
        4 12.83 6.45 1.9 94.30 9.62 3850.00 32.58 0.42 0.38 0.21
        5 12.54 6.34 2.3 96.80 8.89 3858.00 29.72 0.39 0.37 0.19
                              
    
Leon C 
Simon Bridge   1 14.7 6.87 2.1 97.80 9.73 3394.00 34.82 0.52 0.41 0.24
      
30-01-392 
N 2 14.49 6.54 2.3 99.30 9.59 3472.00 34.94 0.50 0.38 0.24
      
90-04-252 
W 3 14.28 6.77 2.3 94.60 9.69 3560.00 33.27 0.47 0.40 0.23
        4 14.18 6.71 2.7 94.10 9.53 3773.00 31.93 0.41 0.37 0.21
        5 13.86 6.34 2.8 92.70 8.80 3780.00 29.13 0.38 0.36 0.19
                              
    
Robert E Lee 
Bridge   1 12.77 6.75 2.3 99.40 9.63 3454.00 30.71 0.46 0.36 0.21
      
30-01-298 
N 2 12.47 6.68 2.3 97.90 9.49 3685.00 30.81 0.44 0.33 0.21
      
90-04-239 
W 3 12.08 6.66 2.3 96.60 9.59 3811.00 29.34 0.41 0.35 0.20
        4 11.78 6.56 2.4 97.10 9.43 3890.00 28.24 0.36 0.32 0.18
        5 11.68 6.34 2.7 95.60 8.71 3900.00 25.69 0.33 0.31 0.16
                                                         40 
 
16 6th March                           
                              
    L P Bridge 
30-01-726 
N 1 13.97 7.38 2.3 96.30 9.54 3254.00 33.38 0.50 0.39 0.22
      
90-04-422 
W 2 13.77 7.35 2.3 98.60 9.39 3328.00 33.49 0.48 0.36 0.22
        3 13.57 7.07 2.3 99.20 9.5 3413.00 31.89 0.45 0.38 0.21
        4 13.47 6.95 2.4 94.30 9.34 3616.00 30.61 0.39 0.35 0.21
        5 13.17 6.83 2.6 96.80 8.63 3624.00 27.92 0.36 0.34 0.18
                              
    
Leon C 
Simon Bridge   1 15.44 7.40 2.4 97.80 9.33 3188.00 32.71 0.49 0.38 0.22
      
30-01-392 
N 2 15.21 7.05 2.4 99.30 9.18 3261.00 32.82 0.47 0.35 0.22
      
90-04-252 
W 3 14.99 7.29 2.4 94.60 9.29 3344.00 31.25 0.44 0.37 0.21
        4 14.88 7.23 2.5 94.10 9.13 3543.00 30.00 0.38 0.34 0.21
        5 14.55 6.83 2.9 92.70 8.44 3551.00 27.36 0.35 0.33 0.18
                              
      
30-01-298 
N 2 13.35 7.19 2.5 97.90 8.98 3812.00 27.68 0.35 0.31 0.18
      
90-04-239 
W 3 12.92 7.17 2.7 96.60 9.09 3822.00 25.18 0.32 0.30 0.16
        4 12.61 7.07 2.7 97.10 8.93 3890.00 24.39 0.29 0.27 0.16
        5 12.5 6.83 2.8 95.60 8.25 3804.00 23.85 0.28 0.26 0.16
                              
                              
17
12th 
March Rain Event 1 inch                       
                              
18
13th 
March Rain Event 0.6 inches                       
    L P Bridge 
30-01-726 
N 1 12.43 6.62 0.7 99.30 8.12 3918.00 40.20 0.60 0.47 0.27
      
90-04-422 
W 2 12.25 6.59 0.8 97.30 7.99 4008.00 40.33 0.58 0.44 0.27
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        3 12.07 6.35 0.8 99.50 8.09 4110.00 38.40 0.54 0.46 0.26
        4 11.98 6.24 0.8 91.90 7.95 4355.00 36.86 0.47 0.43 0.24
        5 11.72 6.25 0.8 91.40 7.34 4364.00 33.62 0.44 0.41 0.21
                              
    
Leon C 
Simon Bridge   1 14.66 6.64 0.7 96.30 8.96 3839.00 39.40 0.59 0.46 0.26
      
30-01-392 
N 2 14.45 6.33 0.8 98.60 8.83 3927.00 39.52 0.57 0.43 0.26
      
90-04-252 
W 3 14.24 6.54 0.9 99.20 8.94 4027.00 37.63 0.53 0.45 0.25
        4 14.14 6.48 0.9 94.30 8.78 4267.00 36.12 0.46 0.42 0.24
        5 13.83 6.31 0.9 96.80 8.11 4276.00 32.95 0.43 0.40 0.21
                              
    
Robert E Lee 
Bridge   1 14.62 6.52 0.8 97.80 8.34 3771.00 29.04 0.40 0.34 0.20
      
30-01-298 
N 2 14.28 6.45 0.8 99.30 8.22 3850.00 27.96 0.35 0.31 0.18
      
90-04-239 
W 3 13.83 6.44 0.9 94.60 8.32 3860.00 25.43 0.32 0.30 0.16
        4 13.49 6.35 1.1 94.10 8.17 3928.00 24.63 0.29 0.27 0.16
        5 13.37 6.45 1 92.70 7.55 3842.00 24.09 0.28 0.26 0.16
                              
19
14th 
March                           
    L P Bridge 
30-01-726 
N 1 12.76 6.75 1.4 96.30 7.77 3810.00 39.08 0.58 0.46 0.26
      
90-04-422 
W 2 12.58 6.72 1.4 98.60 7.65 3897.00 39.22 0.56 0.43 0.26
        3 12.4 6.48 1.4 99.20 7.74 3996.00 37.25 0.53 0.45 0.25
        4 12.31 6.36 1.5 94.30 7.61 4235.00 35.84 0.46 0.42 0.23
        5 12.04 6.38 1.5 96.80 7.03 4243.00 32.69 0.43 0.41 0.21
                              
    
Leon C 
Simon Bridge   1 15.06 6.77 1.5 97.80 7.61 3733.00 38.30 0.57 0.45 0.25
      
30-01-392 
N 2 14.84 6.46 1.5 99.30 7.50 3819.00 38.44 0.55 0.42 0.25
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90-04-252 
W 3 14.63 6.67 1.6 94.60 7.59 3916.00 36.51 0.52 0.44 0.25
        4 14.52 6.61 1.6 94.10 7.46 4150.00 35.12 0.45 0.41 0.23
        5 14.2 6.44 1.6 92.70 6.98 4158.00 32.04 0.42 0.40 0.21
                              
    
Robert E Lee 
Bridge   1 15.65 6.65 1.7 99.40 8.59 3884.00 29.91 0.41 0.35 0.21
      
30-01-298 
N 2 15.28 6.58 1.7 97.90 8.47 3965.00 28.80 0.36 0.32 0.19
      
90-04-239 
W 3 14.8 6.57 1.7 96.60 8.57 3975.00 26.19 0.33 0.31 0.16
        4 14.43 6.48 1.7 97.10 8.42 4045.00 25.37 0.30 0.28 0.16
        5 14.31 6.58 1.8 95.60 7.78 3957.00 24.81 0.29 0.27 0.16
                              
20
15th 
March                           
    L P Bridge 
30-01-726 
N 1 14.04 7.28 1.8 96.30 10.49 3579.00 36.72 0.55 0.43 0.24
      
90-04-422 
W 2 13.84 7.25 1.8 98.60 10.33 3660.00 36.84 0.53 0.40 0.24
        3 13.64 6.99 1.9 99.20 10.45 3754.00 35.08 0.50 0.42 0.23
        4 13.54 6.86 2.1 94.30 10.27 3977.00 33.67 0.43 0.39 0.23
        5 13.24 6.88 2.3 96.80 9.49 3986.40 30.71 0.40 0.37 0.20
                              
    
Leon C 
Simon Bridge   1 16.57 7.30 1.9 97.80 10.28 3507.00 35.99 0.54 0.42 0.24
      
30-01-392 
N 2 16.33 6.96 1.9 99.30 10.12 3586.00 36.10 0.52 0.39 0.24
      
90-04-252 
W 3 16.09 7.19 1.9 94.60 10.24 3678.00 34.38 0.49 0.41 0.23
        4 15.97 7.13 2.1 94.10 10.06 3897.00 33.00 0.42 0.38 0.23
        5 15.62 6.94 2.4 92.70 9.30 3906.00 30.10 0.39 0.36 0.20
                              
    
Robert E Lee 
Bridge   1 17.21 7.17 1.8 99.40 8.50 3841.00 29.58 0.41 0.35 0.21
      30-01-298 2 16.81 7.10 1.8 97.90 8.38 3921.00 28.48 0.36 0.32 0.19
                                                         43 
 
N 
      
90-04-239 
W 3 16.28 7.08 1.8 96.60 8.48 3931.00 25.90 0.33 0.31 0.16
        4 15.88 6.99 1.9 97.10 8.33 4007.00 25.09 0.30 0.28 0.16
        5 15.74 7.10 1.9 95.60 7.69 3913.00 24.54 0.29 0.27 0.16
                             
21
16th 
March                           
    L P Bridge 
30-01-726 
N 1 14.91 7.94 2.7 99.30 10.69 3647.00 37.42 0.56 0.44 0.24
      
90-04-422 
W 2 14.70 7.91 2.8 97.30 10.53 3729.00 37.54 0.54 0.41 0.24
        3 14.49 7.62 2.8 99.50 10.65 3825.00 35.75 0.51 0.43 0.23
        4 14.38 7.49 3.1 91.90 10.47 4052.00 34.31 0.44 0.40 0.23
        5 14.06 7.50 3.2 91.40 9.67 4062.00 31.29 0.41 0.38 0.20
                              
    
Leon C 
Simon Bridge   1 17.60 7.97 2.4 96.30 10.48 3574.00 36.67 0.55 0.43 0.24
      
30-01-392 
N 2 17.34 7.60 2.4 98.60 10.32 3654.00 36.79 0.53 0.40 0.24
      
90-04-252 
W 3 17.09 7.85 2.7 99.20 10.44 3748.00 35.04 0.50 0.42 0.23
        4 16.97 7.78 2.8 94.30 10.26 3970.00 33.62 0.43 0.39 0.23
        5 16.59 7.57 3 96.80 9.48 3980.00 30.66 0.40 0.37 0.20
                              
    
Robert E Lee 
Bridge   1 17.55 7.82 2.6 97.80 8.59 3879.00 29.88 0.41 0.35 0.21
      
30-01-298 
N 2 17.14 7.74 2.6 99.30 8.46 3960.00 28.76 0.36 0.32 0.19
      
90-04-239 
W 3 16.59 7.73 2.7 94.60 8.56 3970.00 26.16 0.33 0.31 0.16
        4 16.19 7.62 2.9 94.10 8.41 4047.00 25.34 0.30 0.28 0.16
        5 16.05 7.74 3.1 92.70 7.77 3952.00 24.79 0.29 0.27 0.16
                              
22
17th 
march Rain Event 0.6 inches                       
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    L P Bridge 
30-01-726 
N 1 17.90 6.78 0.5 96.30 8.53 2910.00 29.86 0.45 0.35 0.19
      
90-04-422 
W 2 17.64 6.75 0.5 98.60 8.40 2975.00 29.96 0.43 0.33 0.19
        3 17.39 6.49 0.8 99.20 8.50 3052.00 28.53 0.41 0.34 0.18
        4 17.26 6.38 0.9 94.30 8.36 3233.00 27.38 0.35 0.32 0.18
        5 16.87 6.27 1.3 96.80 7.72 3241.00 24.97 0.33 0.30 0.16
                              
      
30-01-392 
N 2 20.81 6.47 0.8 99.30 8.23 2915.00 29.36 0.42 0.32 0.19
      
90-04-252 
W 3 20.51 6.70 0.9 94.60 8.33 2990.00 27.96 0.40 0.33 0.18
        4 20.36 6.64 1.3 94.10 8.19 3168.00 26.83 0.34 0.31 0.18
        5 19.91 6.27 1.2 92.70 7.57 3176.00 24.47 0.32 0.29 0.16
                              
    
Robert E Lee 
Bridge   1 21.05 6.68 0.8 99.40 7.35 2506.00 25.72 0.39 0.30 0.17
      
30-01-298 
N 2 20.57 6.61 0.9 97.90 7.23 2562.00 25.81 0.37 0.28 0.17
      
90-04-239 
W 3 19.91 6.59 0.9 96.60 7.32 2628.00 24.58 0.35 0.29 0.16
        4 19.42 6.49 1.1 97.10 7.20 2784.00 23.58 0.30 0.27 0.16
        5 19.26 6.27 1.2 95.60 6.65 2791.00 21.51 0.28 0.25 0.14
23
18th 
March                           
    L P Bridge 
30-01-726 
N 1 18.49 7.38 1.3 99.40 9.50 3242.00 33.27 0.50 0.39 0.21
      
90-04-422 
W 2 18.23 7.35 1.3 99.10 9.36 3315.00 33.37 0.48 0.36 0.21
        3 17.97 7.07 1.4 94.50 9.47 3389.00 31.78 0.45 0.38 0.20
        4 17.83 6.95 1.4 94.50 9.31 3602.00 30.50 0.39 0.36 0.20
        5 17.44 6.83 1.4 91.20 8.60 3611.00 27.82 0.36 0.34 0.18
                              
    
Leon C 
Simon Bridge   1 21.82 7.40 1.1 98.41 9.31 3177.00 32.60 0.49 0.38 0.21
      30-01-392 2 21.51 7.05 1.1 98.11 9.17 3248.00 32.70 0.47 0.35 0.21
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N 
      
90-04-252 
W 3 21.20 7.29 1.1 94.45 9.28 3321.00 31.14 0.44 0.37 0.20
        4 21.04 7.23 1.2 93.56 9.12 3529.00 29.89 0.38 0.35 0.20
        5 20.57 6.83 1.4 90.29 8.43 3538.00 27.26 0.35 0.36 0.18
                              
    
Robert E Lee 
Bridge   1 21.76 7.27 1.2 100.39 9.22 3145.00 32.27 0.49 0.38 0.21
      
30-01-298 
N 2 21.25 7.19 1.2 100.09 9.08 3215.00 32.37 0.47 0.35 0.21
      
90-04-239 
W 3 20.58 7.17 1.2 96.35 9.19 3287.00 30.83 0.44 0.37 0.20
        4 20.07 7.07 1.3 95.45 9.03 3493.00 29.59 0.38 0.35 0.20
        5 19.90 6.83 1.6 92.11 8.35 3502.00 26.99 0.35 0.33 0.18
                              
24
19th 
March                           
    L P Bridge 
30-01-726 
N 1 18.06 7.52 1.9 99.30 10.45 3566.00 36.60 0.55 0.43 0.23
      
90-04-422 
W 2 17.80 7.48 2.1 97.30 10.30 3646.00 36.71 0.53 0.40 0.23
        3 17.55 7.20 2.1 99.50 10.42 3727.00 34.96 0.50 0.42 0.22
        4 17.42 7.08 2.1 91.90 10.24 3962.00 33.55 0.43 0.40 0.22
        5 17.03 6.96 2.3 91.40 9.46 3972.00 30.60 0.40 0.37 0.20
                              
    
Leon C 
Simon Bridge   1 21.31 7.54 2.1 96.30 10.24 3494.00 35.87 0.54 0.42 0.23
      
30-01-392 
N 2 21.00 7.18 2.1 98.60 10.09 3573.00 35.98 0.52 0.39 0.23
      
90-04-252 
W 3 20.70 7.43 2.1 99.20 10.21 3652.00 34.26 0.49 0.41 0.22
        4 20.55 7.36 2.3 94.30 10.04 3882.00 32.88 0.42 0.39 0.22
        5 20.09 6.96 2.3 96.80 9.27 3892.00 30.00 0.39 0.33 0.20
                              
    
Robert E Lee 
Bridge   1 21.25 7.46 2.1 97.80 10.14 3459.00 35.50 0.54 0.42 0.23
                                                         46 
 
      
30-01-298 
N 2 20.75 7.32 2.1 99.30 9.99 3536.00 35.61 0.52 0.39 0.23
      
90-04-239 
W 3 20.09 7.30 2.2 94.60 10.11 3615.00 33.91 0.48 0.41 0.22
        4 19.60 7.20 2.2 94.10 9.93 3842.00 32.55 0.42 0.39 0.22
        5 19.44 6.96 2.2 92.70 9.19 3852.00 29.69 0.39 0.36 0.20
                              
25
26th 
march L P Bridge   1 22.1 6.78 2.1 81.80 7.98 3281.00   0.26 0.03 0.39
        5 21.9 6.64 2 80.30 7.71 3211.00   0.25 0.02 0.51
                              
    
Leon C 
Simon Bridge   1 21.2 6.98 2 72.20 6.36 3200.00   0.31 0.04 0.65
        5 19.5 6.81 2 66.30 6.30 3190.00   0.32 0.05 0.58
                              
    
Robert E Lee 
Bridge   1 22.3 6.96 2 61.20 5.63 3099.00   0.34 0.03 0.58
        5 21.8 6.86 2 67.00 6.25 3103.00   0.31 0.03 0.56
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The following figures show the variations of the parameters during wet weather and dry 
conditions observed during summer, 2002.  
 
 
Figure 5.1: Summer 2002 Data: Surface pH Plot 
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Figure 5.2: Summer 2002 Data: Surface Temperature Plot 
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Figure 5.3: Summer 2002 Data: Surface Turbidity Plot 
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Figure 5.4: Summer 2002 Data: Surface Saturation Plot 
 
Figure 5.5: Summer 2002 Data: Surface Salinity Plot 
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Figure 5.6: Summer 2002 Data: Surface BOD Plot 
 
Figure 5.7: Summer 2002 Data: Surface Dissolved Oxygen Plot 
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5.2 Model Results: 
 
The model was run for various scenarios as follows: 
1. Continuous pumping from both the input sources 
2. 2 hour pumping event  
3. 8 hour pumping event 
4. Variations in dispersion coefficient values (Dx) 
5. Variations in the entrainment flows (dQ) 
6. Simulations of simultaneous variations of Dx and dQ values during and after   
Pumping. 
The outputs were obtained in text file format and then imported to EXCEL to plot the 
temporal variation of the parameters. The graphs shown in the following figures are the 
output patterns when the model was run for a period of 1 to 5 days and the above 
mentioned simulations. 
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Figure 5.8: Salinity Plots for Cells 1 and 2: Continuous Pumping Event 
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Figure 5.9: Salinity Plots for Cells 3 and 4: Continuous Pumping Event 
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Figure 5.10: Salinity Plots for Cells 5 and 6: Continuous Pumping Event 
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Figure 5.11: Salinity Plots for Cells 7 and 8: Continuous Pumping Event 
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Figure 5.12: Inert Tracer Plots for Cells 1 and 2: Continuous Pumping Event 
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Figure 5.13: Inert Tracer Plots for Cells 3 and 4: Continuous Pumping Event 
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Figure 5.14: Inert Tracer Plots for Cells 5 and 6: Continuous Pumping Event 
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Figure 5.15: Inert Tracer Plots for Cells 7 and 8: Continuous Pumping Event 
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Figure 5.16: Organic Nitrogen Plots for Cells 1 and 2: Continuous Pumping Event 
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Figure 5.17: Organic Nitrogen Plots for Cells 3 and 4: Continuous Pumping Event 
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Figure 5.18: Organic Nitrogen Plots for Cells 5 and 6: Continuous Pumping Event 
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Figure 5.19: Organic Nitrogen Plots for Cells 7 and 8: Continuous Pumping Event 
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Figure 5.20: Ammonia Nitrogen Plots for Cells 1 and 2 Continuous Pumping Event 
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Figure 5.21: Ammonia Nitrogen Plots for Cells 3 and 4 Continuous Pumping Event 
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Figure 5.22: Ammonia Nitrogen Plots for Cells 5 and 6 Continuous Pumping Event 
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Figure 5.23: Ammonia Nitrogen Plots for Cells 7 and 8: Continuous Pumping Event 
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Figure 5.24: Nitrate Nitrogen Plots for Cells 1 and 2: Continuous Pumping Event 
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Figure 5.25: Nitrate Nitrogen Plots for Cells 3 and 4: Continuous Pumping Event 
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Figure 5.26: Nitrate Nitrogen Plots for Cells 5 and 6: Continuous Pumping Event 
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Figure 5.27: Nitrate Nitrogen Plots for Cells 7 and 8: Continuous Pumping Event 
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Figure 5.28: Nitrite Nitrogen Plots for Cells 1 and 2: Continuous Pumping Event 
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Figure 5.29: Nitrite Nitrogen Plots for Cells 3 and 4: Continuous Pumping Event 
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Figure 5.30: Nitrite Nitrogen Plots for Cells 5 and 6: Continuous Pumping Event 
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Figure 5.31: Nitrite Nitrogen Plots for Cells 7 and 8: Continuous Pumping Event 
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Figure 5.32: Organic Phosphorus Plots for Cells 1 and 2: Continuous Pumping Event 
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Figure 5.33: Organic Phosphorus Plots for Cells 3 and 4: Continuous Pumping Event 
  65                      
 
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0 200 400 600 800 1000 1200 1400 1600
Time (min)
O
rg
 P
 (m
g/
L)
cell 5
cell 6
 
Figure 5.34: Organic Phosphorus Plots for Cells 5 and 6: Continuous Pumping Event 
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Figure 5.35: Organic Phosphorus Plots for Cells 7 and 8: Continuous Pumping Event 
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Figure 5.36: Dissolved Phosphorus Plots for Cells 1 and 2: Continuous Pumping Event 
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Figure 5.37: Dissolved Phosphorus Plots for Cells 3 and 4: Continuous Pumping Event 
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Figure 5.38: Dissolved Phosphorus Plots for Cells 5 and 6: Continuous Pumping Event 
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Figure 5.39: Dissolved Phosphorus Plots for Cells 7 and 8: Continuous Pumping Event 
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The following figures show the output plots of the simulations carried out for 2 hour and 
8 hour pumping events by varying the dispersion coefficient and the entrainment flow 
values. 
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Figure 5.40: Plots for Cells 3 and 4: 2 Hours Pumping Event 
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Figure 5.41: Plots for Cells 7 and 8: 2 Hours Pumping Event 
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Figure 5.42: Plots for Cells 3 and 4: 8 Hours Pumping Event 
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Figure 5.43: Plots for Cells 7 and 8: 8 Hours Pumping Event 
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Figure 5.44: Plots for Cells 3 and 4 – dq = 0.05m3/s: 8 Hours Pumping Event 
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Figure 5.45: Plots for Cells 7 and 8 – dq = 0.05m3/s: 8 Hours Pumping Event 
 
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
0 0.5 1 1.5 2 2.5 3
Time (days)
Sa
lin
ity
 (m
g/
L)
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
N
itr
at
e 
(m
g/
L)
, A
m
m
on
ia
 (m
g/
L)
Sal- cell 3
Sal - cell 4
Amm - cell 3
Amm - cell 4
Nitrate-cell3
Nitrate - cell 4
 
Figure 5.46: Plots for Cells 3 and 4 – dq = 0.05m3/s: 2 Hours Pumping Event 
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Figure 5.47: Plots for Cells 7 and 8 – dq = 0.05m3/s: 2 Hours Pumping Event 
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Figure 5.48: Plots for Cells 3 and 4 – Dx = 5 m/s: 2 Hours Pumping Event 
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Figure 5.49: Plots for Cells 7 and 8 – Dx = 5 m/s: 2 Hours Pumping Event 
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Figure 5.50: Plots for Cells 7 and 8 – Dx = 5 m/s: 8 Hours Pumping Event 
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Figure 5.51: Plots for Cells 3 and 4 – Dx = 5 m/s: 8 Hours Pumping Event 
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Figure 5.52: Sensitivity Analysis 1 - Cells 3 and 4: 8 Hours Pumping Event 
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8 Hours Pumping Event
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Figure 5.53: Sensitivity Analysis 1 - Cells 7 and 8: 8 Hours Pumping Event 
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Figure 5.54: Sensitivity Analysis 1 - Cells 3 and 4: 2 Hours Pumping Event 
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2 Hours Pumping Event
Dx = 10 and dq = 0.1 while pumping
Dx = 5 and dq = 0.05 otherwise 
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Figure 5.55: Sensitivity Analysis 1 - Cells 7 and 8: 2 Hours Pumping Event 
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Figure 5.56: Sensitivity Analysis 2 - Cells 3 and 4: 2 Hours Pumping Event 
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2 Hours Pumping Event
Dx = 10 and dq = 0.1 while pumping
Dx = 2.5 and dq = 0.025 otherwise 
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time (days)
Sa
lin
ity
 (m
g/
L)
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
N
itr
at
e 
(m
g/
L)
, A
m
m
on
ia
 (m
g/
L)
Sal- cell 7
Sal - cell 8
Amm - cell 7
Amm - cell 8
Nitrate-cell 7
Nitrate - cell 8
 
Figure 5.57: Sensitivity Analysis 2 - Cells 7 and 8: 2 Hours Pumping Event 
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Figure 5.58: Sensitivity Analysis 2 - Cells 3 and 4: 8 Hours Pumping Event 
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8 Hours Pumping Event
Dx = 10 and dq = 0.1 while pumping
Dx = 2.5 and dq = 0.025 otherwise 
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Figure 5.59: Sensitivity Analysis 2 - Cells 7 and 8: 8 Hours Pumping Event 
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Figure 5.60: Plots for Cells 3 and 4 – dq = 0.025m3/s: 8 Hours Pumping Event 
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Figure 5.61: Plots for Cells 7 and 8 – dq = 0.025m3/s: 8 Hours Pumping Event 
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Figure 5.62: Plots for Cells 3 and 4 – dq = 0.025m3/s: 2 Hours Pumping Event 
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Figure 5.63: Plots for Cells 7 and 8 – dq = 0.025m3/s: 8 Hours Pumping Event 
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Figure 5.64: Plots for Cells 3 and 4 – Dx = 2.5 m/s: 2 Hours Pumping Event 
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Figure 5.65: Plots for Cells 7 and 8 – Dx = 2.5 m/s: 2 Hours Pumping Event 
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Figure 5.66: Plots for Cells 3 and 4 – Dx = 2.5 m/s: 8 Hours Pumping Event 
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Figure 5.67: Plots for Cells 7 and 8 – Dx = 2.5 m/s: 8 Hours Pumping Event 
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Figure 5.68: Ammonia Variation with Depth 
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Figure 5.69: Nitrate Variation with Depth 
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Figure 5.70: COD Variation with Depth 
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Figure 5.71: Response Time Comparisons 
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6.0 Discussions: 
 
Field data indicates the following:  
• The temperature variation in London Canal was by and large as per the 
seasonal variation and no dramatic changes were observed through out the 
length of study.  
• It was noted that the samples were consistently basic throughout the study. 
After every rain event the pH was reduced. Rain water has low pH owing 
to acids of nitrogen, sulphur and carbon. Hence pH is reduced after a 
storm event. The range of values for pH variation is in between 6.42 to 
8.98 for wet and dry weather conditions respectively. It was observed that 
after a considerable amount of rain the pH became more acidic. 
Subsequently, water body achieves its normal pH within 3 days. 
• The water becomes turbid due to strong winds and waves on the lake and 
this turbid water can be diffused into the canal. Rain fall results in surface 
runoffs which occasionally collect small particles along their way to 
stream water and make it more turbid. 
• Dissolved Oxygen content in the canal ranged from 3.20 mg/L to 10 mg/L 
and was inversely proportional to the temperature of the water sample. 
The DO saturation in the canal was approximately 60 – 80%. After a 
rainfall, this reduced to about 45%.
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• Salinity values were around 2 to 3 ppt during dry weather conditions and 
dropped drastically following a rain event. The time taken for recovery to 
the background was about 3 days.  
• Chemical Oxygen Demand values ranged from 25-50 mg/L for dry and 
wet weather conditions respectively. COD values increased after a 
pumping event and took about 3 days to return back to background values. 
• Ammonia Nitrogen values were between 0.1 mg/L to 0.3 mg/L for dry and 
wet weather conditions respectively. Ammonia concentration decreased 
with depth. This is shown in figure 5.68. 
• Nitrate Nitrogen values ranged from 0.02 to 0.11 mg/L for dry and wet 
weather conditions respectively. Nitrate concentration decreased with 
depth. This is shown in figure 5.69. 
• Total Phosphorus values ranged from 0.1 to 0.5 mg/L. Spatial variation 
was small.  
Model results show that  
• The equilibrium time for salinity to stabilize in case of continuous pumping event 
is usually about 10-12 hours. This is seen for all the nutrients modeled. 
• In case of a 2 hour pumping event (Dx = 10 m/s and dQ = 0.1 m3/s), the 
concentrations increase initially and return to background values. This response 
time for salinity, ammonia and nitrate nitrogen is about 1.5 to days as can be seen 
from the graphs in the previous chapter. 
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• In case of an 8 hour pumping event (Dx = 10 m/s and dQ = 0.1 m3/s), the response 
for salinity, ammonia and nitrate is about 2 days. 
• The results of the sensitivity analysis indicate that the response time is affected 
more by the changes in Dx (longitudinal dispersion coefficient) than by changes 
in the entrainment flow dQ. These are illustrated in the graphs shown in the 
previous section. 
• In case of 8 hour and 2 hour pumping events with dQ = 0.05 m3/s, the response 
time for salinity, ammonia and nitrate were about 1.5 to 2 days. 
• In case of 8 hour and 2 hour pumping events with Dx = 5 m/s, the response time 
for salinity, ammonia and nitrate were about 2.5 to 3 days. 
• In the case with Dx = 10 m/s and dQ = 0.1 m3/s while pumping and Dx = 5 m/s 
and dQ = 0.05 m3/s, the response time was about 3 days. This behaves in 
accordance with the field data observed. This is shown in Figure 5.71. 
• In the case with Dx = 10 m/s and dQ = 0.1 m3/s while pumping and Dx = 2.5 m/s 
and dQ = 0.025 m3/s, the response time was about 3 days. This also behaves in 
accordance with the field data observed. This is shown in Figure 5.71. 
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7.0 Conclusions 
 
The variations in parameters in the London Canal are by and large uniform. These 
comply with the theories proposed on rainfall and runoff effects on water bodies. The 
parameters studied showed spatial and temporal variation with rainfall events.  
A 2-layer model has been developed and this can be used to predict the response 
time of the system during and after a pumping event. This model can be extended to 
include more parameters.  
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!***********************************************************************   
!   2-D Model of water quality in London Canal in the  
!   Lake Pontchartrain Basin 
! 
!   Author: Sivaramakrishnan Sangameswaran 
!   April, 2003. 
!   Parameters Modeled - Salinity,Inert Tracer, 
!                        Organic N,Ammonia N,Nitrate N,Nitrite N 
!                        Organic P, Dissolved P   
!   Program Logic - London Avenue Canal from Filmore Brige to the  
!                   Lake is divided into 4 cells with 2 layers each.  
!                   This model assumes that the flow from the lake  
!                   enters the canal through the bottom layer and  
!                   mixes uniformly with the top layer at each stage  
!                   allowing diffusion and advection across the faces 
!                   of the cells, both longitudinal and vertical. 
!                   Using the input values, the program  
!                   calculates the concentration gradient at each  
!                   time step and refreshes the old concentration  
!                   values with the freshly calculated ones. Outputs  
!                   are written to the output files every 10 minutes. 
!***********************************************************************  
 
! canal geometry and flow variables  
real D1, D2, W, L1, L2, L3, L4, dt,Qpr,Q1,Q2,dq 
 
! state variable arrays 
real cold(50,20), cnew(50,20) 
 
! gradient variables 
real cgs(10), cgt(10), corgn(10),cgnitrate(10), cgnitrite(10), cgammonia(10), cgorgp(10), 
cgdissp(10) 
 
! initial concentration variables 
real s(20),inert(20), orgn(20), nitrate(20), nitrite(20), ammonia(20), orgp(20), dissp(20) 
 
! lake concentration variables 
real slake, inert_lake, orgn_lake, nitrate_lake, nitrite_lake, ammonia_lake, orgp_lake, 
dissp_lake 
 
! upstream and prentiss input concentration variables 
real spr, inert_pr, orgn_pr, nitrate_pr, nitrite_pr, ammonia_pr, orgp_pr, dissp_pr 
real s0,inert0,orgn0, nitrate0, nitrite0, ammonia0, orgp0, dissp0 
 
! source term variables for nitrogen  
real ro, alpha4, beta3,alpha1, alg_conc, beta2 
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real local_sp_grate,pref_factor,f1,f2,f3,f4,f5,f6,f7,f8 
real beta1, benthos_src_rate 
 
! source term variables for phosphorus 
real alpha2, org_p_decay_rate, org_p_settling_rate, orgp_drate, benthos_src_rate_p 
 
integer*4 today(3), now(3) 
integer wctr 
 
 WRITE(*,*) 'Water Quality Modeling of London Canal....' 
 WRITE(*,*) 'London canal model running.......' 
 
! Getting the system date and time 
 
call idate(today)   ! today(1)=day, (2)=month, (3)=year 
call itime(now)     ! now(1)=hour, (2)=minute, (3)=second 
 
! Opening outout files for the 8 cells 
 
open (unit=10,file='C:\siva\personal\my courses\L C\code\consolidated\cell 1.txt') 
open (unit=20,file='C:\siva\personal\my courses\L C\code\consolidated\cell 2.txt') 
open (unit=30,file='C:\siva\personal\my courses\L C\code\consolidated\cell 3.txt') 
open (unit=40,file='C:\siva\personal\my courses\L C\code\consolidated\cell 4.txt') 
open (unit=50,file='C:\siva\personal\my courses\L C\code\consolidated\cell 5.txt') 
open (unit=60,file='C:\siva\personal\my courses\L C\code\consolidated\cell 6.txt') 
open (unit=70,file='C:\siva\personal\my courses\L C\code\consolidated\cell 7.txt') 
open (unit=80,file='C:\siva\personal\my courses\L C\code\consolidated\cell 8.txt') 
 
write(10,*)'++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(10,*) '                      LONDON CANAL WATER QUALITY MODEL                 '  
write(10,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(10,* )'RUN DETAILS - Cell 1' 
write(10,* )'DATE: ',today(2),today(1),today(3) 
write(10,* )'TIME: ', now 
write(10,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(20,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(20,*) '                      LONDON CANAL WATER QUALITY MODEL                 '  
write(20,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(20,* )'RUN DETAILS - Cell 2'  
write(20,* )'DATE: ',today(2),today(1),today(3) 
write(20,* )'TIME: ', now 
write(20,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(30,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(30,*) '                      LONDON CANAL WATER QUALITY MODEL                 '  
write(30,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(30,* )'RUN DETAILS - Cell 3'  
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write(30,* )'DATE: ',today(2),today(1),today(3) 
write(30,* )'TIME: ', now 
write(30,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(40,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(40,*) '                      LONDON CANAL WATER QUALITY MODEL                 '  
write(40,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(40,* )'RUN DETAILS - Cell 4'  
write(40,* )'DATE: ',today(2),today(1),today(3) 
write(40,* )'TIME: ', now 
write(40,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(50,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(50,*) '                      LONDON CANAL WATER QUALITY MODEL                 '  
write(50,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(50,* )'RUN DETAILS - Cell 5'  
write(50,* )'DATE: ',today(2),today(1),today(3) 
write(50,* )'TIME: ', now 
write(50,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(60,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(60,*) '                      LONDON CANAL WATER QUALITY MODEL                 '  
write(60,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(60,* )'RUN DETAILS - Cell 6'  
write(60,* )'DATE: ',today(2),today(1),today(3) 
write(60,* )'TIME: ', now 
write(60,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(70,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(70,*) '                      LONDON CANAL WATER QUALITY MODEL                 '  
write(70,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(70,* )'RUN DETAILS - Cell 7'  
write(70,* )'DATE: ',today(2),today(1),today(3) 
write(70,* )'TIME: ', now 
write(70,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(80,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(80,*) '                      LONDON CANAL WATER QUALITY MODEL                 '  
write(80,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
write(80,* )'RUN DETAILS - Cell 8'  
write(80,* )'DATE: ',today(2),today(1),today(3) 
write(80,* )'TIME: ', now 
write(80,*)'+++++++++++++++++++++++++++++++++++++++++++++++++++++++' 
 
print *, '=======================================================' 
print *, '  London Canal 2-D MODEL'  
print *, '=======================================================' 
     
! Reading input parameters 
W  = 50.        ! width of the canal 
D1 = 2.3                                         ! depths of odd numbered cells 
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D2 = 1.3                                     ! depths of even numbered cells 
L1  = 200.    ! Length of cell 1 & 2 
L2  = 200.    ! Length of cell 3 & 4 
L3  = 200.    ! Length of cell 5 & 6 
L4  = 200.    ! Length of cell 7 & 8 
 
V1 = D1*W*L1                                  ! volume of cell 1 
V2 = D2*W*L1                                  ! volume of cell 2 
V3 = D1*W*L2                                  ! volume of cell 3 
V4 = D2*W*L2                     ! volume of cell 4 
V5 = D1*W*L3                     ! volume of cell 5 
V6 = D2*W*L3                     ! volume of cell 6 
V7 = D1*W*L4                     ! volume of cell 7 
V8 = D2*W*L4                     ! volume of cell 8 
 
Dx = 10.0                                           ! longitudinal dispersion coefficient 
Dy = 0.0001                                       ! vertical dispersion coefficient 
 
X1 = (L1 + L2)/2.  
X2 = (L2 + L3)/2. 
X3 = (L3 + L4)/2. 
Y  = (D1 + D2)/2. 
 
! source term coefficients for nitrogen 
 
alpha1 = 0.08 
alpha4 = 0.000000578704 
beta1 = 0.000015741 
beta2 = 0.000015741 
beta3 = 0.00000243056 
ro = 0.00000578704 
alg_conc = 0.5 
pref_factor = 0.5  
local_sp_grate = 0.0000231481 
benthos_src_rate = 0.00000578704 
 
! source term coefficients for phosphorus 
alpha2 = 0.015                         ! phosphorus content of algae 
org_p_decay_rate = 0.00000405093     
org_p_settling_rate = 0.0000115741 
orgp_drate =  0.00000405093 
benthos_src_rate_p = 0.000000578704 
 
! concentrations initialization 
! salinity  
s0=1. 
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s(1)=0. 
s(2)=4. 
s(3)=0. 
s(4)=4. 
s(5)=0. 
s(6)=4. 
s(7)=0. 
s(8)=4. 
slake=4. 
spr=0.2 
 
! tracer  
inert0=0. 
inert(1)=0. 
inert(2)=0. 
inert(3)=0. 
inert(4)=0. 
inert(5)=0. 
inert(6)=0. 
inert(7)=0. 
inert(8)=0. 
inert_lake=0. 
inert_pr=100. 
 
!organic nitrogen initialization 
orgn0=1.0 
orgn(1)=0.5 
orgn(2)=0.4 
orgn(3)=0.5 
orgn(4)=0.4 
orgn(5)=0.5 
orgn(6)=0.4 
orgn(7)=0.5 
orgn(8)=0.4 
orgn_lake=0.4 
orgn_pr=1.0 
 
!nitrate nitrogen 
nitrate0=0.5 
nitrate(1)=0.03 
nitrate(2)=0.01 
nitrate(3)=0.03 
nitrate(4)=0.01 
nitrate(5)=0.03 
nitrate(6)=0.01 
nitrate(7)=0.03 
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nitrate(8)=0.01 
nitrate_lake=0.03 
nitrate_pr=0.5 
 
!nitrite nitrogen 
nitrite0=0.025 
nitrite(1)=0.0015 
nitrite(2)=0.0005 
nitrite(3)=0.0015 
nitrite(4)=0.0005 
nitrite(5)=0.0015 
nitrite(6)=0.0005 
nitrite(7)=0.0015 
nitrite(8)=0.0005 
nitrite_lake=0.0005 
nitrite_pr=0.025 
 
!ammonia nitrogen 
 
ammonia0=0.7 
ammonia(1)=0.05 
ammonia(2)=0.01 
ammonia(3)=0.05 
ammonia(4)=0.01 
ammonia(5)=0.05 
ammonia(6)=0.01 
ammonia(7)=0.05 
ammonia(8)=0.01 
ammonia_lake=0.01 
ammonia_pr=0.7 
 
!organic phosphorus 
orgp0=0.48 
orgp(1)=0.432 
orgp(2)=0.32 
orgp(3)=0.432 
orgp(4)=0.32 
orgp(5)=0.432 
orgp(6)=0.32 
orgp(7)=0.432 
orgp(8)=0.32 
orgp_lake=0.32 
orgp_pr=0.48 
 
!dissolved phosphorus 
dissp0=0.12 
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dissp(1)=0.108 
dissp(2)=0.08 
dissp(3)=0.108 
dissp(4)=0.08 
dissp(5)=0.108 
dissp(6)=0.08 
dissp(7)=0.108 
dissp(8)=0.08 
dissp_lake=0.08 
dissp_pr=0.12 
 
! flow initialization 
Q1=50. 
Q2=50. 
Qpr=50. 
dq=0.1 
 
do 10 j = 1,8 
 cold(j,1)=s(j) 
 cold(j,2)=inert(j) 
 cold(j,3)=orgn(j) 
 cold(j,4)=nitrate(j) 
 cold(j,5)=nitrite(j) 
 cold(j,6)=ammonia(j) 
10 CONTINUE 
 
dt=1. 
DO 20 i=1,86400 ! running for 24 hours 
t=t+dt 
  
DO 30 k=1,8 
 
! Using the new Cold value everytime to freshly calculate the gradient  
! write(*,*)'in k loop cold:',cold(k,1) 
 
do 40 m = 1,8 
 cgs(m)=0. 
 cgt(m)=0. 
 corgn(m)=0. 
 cgnitrate(m)=0. 
 cgammonia(m)=0. 
 cgnitrite(m)=0. 
 cgdissp(m)=0. 
 cgorgp(m)=0. 
40 CONTINUE 
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! salinity 
 
cgs(1) = D1*W*Dx*(cold(3,1) - cold(1,1))/(V1*X1) + Dy*L1*W*(cold(2,1)-
cold(1,1))/(V1*Y) + (s0*Q1 - cold(1,1)*(Q1+dq) + cold(2,1)*dq)/V1                             
 
cgs(2) = D2*W*Dx*(cold(4,1) - cold(2,1))/(V2*X1) + Dy*L1*W*(cold(1,1)-
cold(2,1))/(V2*Y) + dq*(cold(4,1) - cold(2,1))/V2 
 
cgs(3) = D1*W*Dx*(cold(5,1) - cold(3,1))/(V3*X2) + D1*W*Dx*(cold(1,1)-
cold(3,1))/(V3*X1) + Dy*L2*W*(cold(4,1) - cold(3,1))/(V3*Y) + (Qpr*spr - 
cold(3,1)*(Q1 + Q2 + 2*dq) + cold(1,1)*(Q1 + dq) + cold(4,1)*dq)/V3 
 
cgs(4) = D2*W*Dx*(cold(6,1) - cold(4,1))/(V4*X2) + D2*W*Dx*(cold(2,1)-
cold(4,1))/(V4*X1) + Dy*L2*W*(cold(3,1) - cold(4,1))/(V4*Y) + (2*dq*cold(6,1) - 
2*dq*cold(4,1))/V4 
 
cgs(5) = D1*W*Dx*(cold(7,1) - cold(5,1))/(V5*X3) + D1*W*Dx*(cold(3,1)-
cold(5,1))/(V5*X2) + Dy*L3*W*(cold(6,1) - cold(5,1))/(V5*Y) + (dq*cold(6,1) + (Q1 + 
Q2 + 2*dq)*cold(3,1) - (Q1 + Q2 + 3*dq)*cold(5,1))/V5 
 
cgs(6) = D2*W*Dx*(cold(8,1) - cold(6,1))/(V6*X3) + D2*W*Dx*(cold(4,1)-
cold(6,1))/(V6*X2) + Dy*L3*W*(cold(5,1) - cold(6,1))/(V6*Y) + (3*dq*cold(8,1) - 
3*dq*cold(6,1))/V6 
 
cgs(7) = D1*W*Dx*(cold(5,1) - cold(7,1))/(V7*X3) + D1*W*Dx*(slake-
cold(7,1))/(V7*L4) + Dy*L4*W*(cold(8,1) - cold(7,1))/(V7*Y) + (dq*cold(8,1) + (Q1 + 
Q2 + 3*dq)*cold(5,1) - (Q1 + Q2 + 4*dq)* cold(7,1))/V7 
 
cgs(8) = D2*W*Dx*(slake - cold(8,1))/(V8*L4) + D2*W*Dx*(cold(6,1)-
cold(8,1))/(V8*X3) + Dy*L4*W*(cold(7,1) - cold(8,1))/(V8*Y) + (4*dq*slake)/V8 - 
(4*dq*cold(8,1))/V8 
 
cnew(k,1) = cold(k,1) + cgs(k)*dt 
cold(k,1) = cnew(k,1) 
 
! inert tracer 
 
cgt(1) = D1*W*Dx*(cold(3,2) - cold(1,2))/(V1*X1) + Dy*L1*W*(cold(2,2)-
cold(1,2))/(V1*Y) + (inert0*Q1 - cold(1,2)*(Q1+dq) + cold(2,2)*dq)/V1                             
 
cgt(2) = D2*W*Dx*(cold(4,2) - cold(2,2))/(V2*X1) + Dy*L1*W*(cold(1,2)-
cold(2,2))/(V2*Y) + dq*(cold(4,2) - cold(2,2))/V2 
 
cgt(3) = D1*W*Dx*(cold(5,2) - cold(3,2))/(V3*X2) + D1*W*Dx*(cold(1,2)-
cold(3,2))/(V3*X1) + Dy*L2*W*(cold(4,2) - cold(3,2))/(V3*Y) + (Qpr*inert_pr - 
cold(3,2)*(Q1 + Q2 + 2*dq) + cold(1,2)*(Q1 + dq) + cold(4,2)*dq)/V3 
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cgt(4) = D2*W*Dx*(cold(6,2) - cold(4,2))/(V4*X2) + D2*W*Dx*(cold(2,2)-
cold(4,2))/(V4*X1) + Dy*L2*W*(cold(3,2) - cold(4,2))/(V4*Y) + (2*dq*cold(6,2) - 
2*dq*cold(4,2))/V4 
 
cgt(5) = D1*W*Dx*(cold(7,2) - cold(5,2))/(V5*X3) + D1*W*Dx*(cold(3,2)-
cold(5,2))/(V5*X2) + Dy*L3*W*(cold(6,2) - cold(5,2))/(V5*Y) + (dq*cold(6,2) + (Q1 + 
Q2 + 2*dq)*cold(3,2) - (Q1 + Q2 + 3*dq)*cold(5,2))/V5 
 
cgt(6) = D2*W*Dx*(cold(8,2) - cold(6,2))/(V6*X3) + D2*W*Dx*(cold(4,2)-
cold(6,2))/(V6*X2) + Dy*L3*W*(cold(5,2) - cold(6,2))/(V6*Y) + (3*dq*cold(8,2) - 
3*dq*cold(6,2))/V6 
 
cgt(7) = D1*W*Dx*(cold(5,2) - cold(7,2))/(V7*X3) + Dy*L4*W*(cold(8,2) - 
cold(7,2))/(V7*Y) + (dq*cold(8,2) + (Q1 + Q2 + 3*dq)*cold(5,2) - (Q1 + Q2 + 4*dq)* 
cold(7,2))/V7 
 
cgt(8) = D2*W*Dx*(cold(6,2) - cold(8,2))/(V8*X3) + Dy*L4*W*(cold(7,2) - 
cold(8,2))/(V8*Y) + (4*dq*inert_lake)/V8 - (4*dq*cold(8,2))/V8 
 
cnew(k,2) = cold(k,2) + cgt(k)*dt 
cold(k,2) = cnew(k,2) 
 
! oganic nitrogen  
 
corgn(1) = D1*W*Dx*(cold(3,3) - cold(1,3))/(V1*X1) + Dy*L1*W*(cold(2,3)-
cold(1,3))/(V1*Y) + (orgn0*Q1 - cold(1,3)*(Q1+dq) + cold(2,3)*dq)/V1 + 
alpha1*ro*alg_conc - (beta3 + alpha4)*cold(1,3) 
 
corgn(2) = D2*W*Dx*(cold(4,3) - cold(2,3))/(V2*X1) + Dy*L1*W*(cold(1,3)-
cold(2,3))/(V2*Y) + dq*(cold(4,3) - cold(2,3))/V2 + alpha1*ro*alg_conc - (beta3 + 
alpha4)*cold(2,3) 
 
corgn(3) = D1*W*Dx*(cold(5,3) - cold(3,3))/(V3*X2) + D1*W*Dx*(cold(1,3)-
cold(3,3))/(V3*X1) + Dy*L2*W*(cold(4,3) - cold(3,3))/(V3*Y) + (Qpr*orgn_pr - 
cold(3,3)*(Q1 + Q2 + 2*dq) + cold(1,3)*(Q1 + dq) + cold(4,3)*dq)/V3+ 
alpha1*ro*alg_conc - (beta3 + alpha4)*cold(3,3) 
 
corgn(4) = D2*W*Dx*(cold(6,3) - cold(4,3))/(V4*X2) + D2*W*Dx*(cold(2,3)-
cold(4,3))/(V4*X1) + Dy*L2*W*(cold(3,3) - cold(4,3))/(V4*Y) + (2*dq*cold(6,3) - 
2*dq*cold(4,3))/V4 + alpha1*ro*alg_conc - (beta3 + alpha4)*cold(4,3) 
 
corgn(5) = D1*W*Dx*(cold(7,3) - cold(5,3))/(V5*X3) + D1*W*Dx*(cold(3,3)-
cold(5,3))/(V5*X2) + Dy*L3*W*(cold(6,3) - cold(5,3))/(V5*Y) + (dq*cold(6,3) + (Q1 + 
Q2 + 2*dq)*cold(3,3) - (Q1 + Q2 + 3*dq)*cold(5,3))/V5 + alpha1*ro*alg_conc - (beta3 
+ alpha4)*cold(5,3) 
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corgn(6) = D2*W*Dx*(cold(8,3) - cold(6,3))/(V6*X3) + D2*W*Dx*(cold(4,3)-
cold(6,3))/(V6*X2) + Dy*L3*W*(cold(5,3) - cold(6,3))/(V6*Y) + (3*dq*cold(8,3) - 
3*dq*cold(6,3))/V6 + alpha1*ro*alg_conc - (beta3 + alpha4)*cold(6,3) 
 
corgn(7) = D1*W*Dx*(cold(5,3) - cold(7,3))/(V7*X3) + D1*W*Dx*(orgn_lake-
cold(7,3))/(V7*L4) + Dy*L4*W*(cold(8,3) - cold(7,3))/(V7*Y) + (dq*cold(8,3) + (Q1 + 
Q2 + 3*dq)*cold(5,3) - (Q1 + Q2 + 4*dq)* cold(7,3))/V7 + alpha1*ro*alg_conc - (beta3 
+ alpha4)*cold(7,3) 
 
corgn(8) = D2*W*Dx*(orgn_lake - cold(8,3))/(V8*L4) + D2*W*Dx*(cold(6,3)-
cold(8,3))/(V8*X3) + Dy*L4*W*(cold(7,3) - cold(8,3))/(V8*Y) + (4*dq*orgn_lake)/V8 
- (4*dq*cold(8,3))/V8 + alpha1*ro*alg_conc - (beta3 + alpha4)*cold(8,3) 
 
cnew(k,3) = cold(k,3) + corgn(k)*dt 
cold(k,3) = cnew(k,3) 
 
!nitrate nitrogen  
  
f1 = pref_factor*cold(1,6)/(pref_factor*cold(1,6) + (1-pref_factor)*cold(1,4)) 
f2 = pref_factor*cold(2,6)/(pref_factor*cold(2,6) + (1-pref_factor)*cold(2,4)) 
f3 = pref_factor*cold(3,6)/(pref_factor*cold(3,6) + (1-pref_factor)*cold(3,4)) 
f4 = pref_factor*cold(4,6)/(pref_factor*cold(4,6) + (1-pref_factor)*cold(4,4)) 
f5 = pref_factor*cold(5,6)/(pref_factor*cold(5,6) + (1-pref_factor)*cold(5,4)) 
f6 = pref_factor*cold(6,6)/(pref_factor*cold(6,6) + (1-pref_factor)*cold(6,4)) 
f7 = pref_factor*cold(7,6)/(pref_factor*cold(7,6) + (1-pref_factor)*cold(7,4)) 
f8 = pref_factor*cold(8,6)/(pref_factor*cold(8,6) + (1-pref_factor)*cold(8,4)) 
 
cgnitrate(1) = D1*W*Dx*(cold(3,4) - cold(1,4))/(V1*X1) + Dy*L1*W*(cold(2,4)-
cold(1,4))/(V1*Y) + (nitrate0*Q1 - cold(1,4)*(Q1+dq) + cold(2,4)*dq)/V1 + 
beta2*cold(1,5) - (1-f1)*alpha1*local_sp_grate*alg_conc 
 
cgnitrate(2) = D2*W*Dx*(cold(4,4) - cold(2,4))/(V2*X1) + Dy*L1*W*(cold(1,4)-
cold(2,4))/(V2*Y) + dq*(cold(4,4) - cold(2,4))/V2 +  beta2*cold(2,5) - (1-
f2)*alpha1*local_sp_grate*alg_conc 
 
cgnitrate(3) = D1*W*Dx*(cold(5,4) - cold(3,4))/(V3*X2) + D1*W*Dx*(cold(1,4)-
cold(3,4))/(V3*X1) + Dy*L2*W*(cold(4,4) - cold(3,4))/(V3*Y) + (Qpr*nitrate_pr - 
cold(3,4)*(Q1 + Q2 + 2*dq) + cold(1,4)*(Q1 + dq) + cold(4,4)*dq)/V3 + beta2*cold(3,5) 
- (1-f3)*alpha1*local_sp_grate*alg_conc 
 
cgnitrate(4) = D2*W*Dx*(cold(6,4) - cold(4,4))/(V4*X2) + D2*W*Dx*(cold(2,4)-
cold(4,4))/(V4*X1) + Dy*L2*W*(cold(3,4) - cold(4,4))/(V4*Y) + (2*dq*cold(6,4) - 
2*dq*cold(4,4))/V4 + beta2*cold(4,5) - (1-f4)*alpha1*local_sp_grate*alg_conc 
 
cgnitrate(5) = D1*W*Dx*(cold(7,4) - cold(5,4))/(V5*X3) + D1*W*Dx*(cold(3,4)-
cold(5,4))/(V5*X2) + Dy*L3*W*(cold(6,4) - cold(5,4))/(V5*Y) + (dq*cold(6,4) + (Q1 + 
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Q2 + 2*dq)*cold(3,4) - (Q1 + Q2 + 3*dq)*cold(5,4))/V5 + beta2*cold(5,5) - (1-
f5)*alpha1*local_sp_grate*alg_conc 
 
cgnitrate(6) = D2*W*Dx*(cold(8,4) - cold(6,4))/(V6*X3) + D2*W*Dx*(cold(4,4)-
cold(6,4))/(V6*X2) + Dy*L3*W*(cold(5,4) - cold(6,4))/(V6*Y) + (3*dq*cold(8,4) - 
3*dq*cold(6,4))/V6 + beta2*cold(6,5) - (1-f6)*alpha1*local_sp_grate*alg_conc 
 
cgnitrate(7) = D1*W*Dx*(cold(5,4) - cold(7,4))/(V7*X3) + D1*W*Dx*(nitrate_lake-
cold(7,4))/(V7*L4) + Dy*L4*W*(cold(8,4) - cold(7,4))/(V7*Y) + (dq*cold(8,4) + (Q1 + 
Q2 + 3*dq)*cold(5,4) - (Q1 + Q2 + 4*dq)* cold(7,4))/V7 + beta2*cold(7,5) - (1-
f7)*alpha1*local_sp_grate*alg_conc 
 
cgnitrate(8) = D2*W*Dx*(nitrate_lake - cold(8,4))/(V8*L4) + D2*W*Dx*(cold(6,4)-
cold(8,4))/(V8*X3) + Dy*L4*W*(cold(7,4) - cold(8,4))/(V8*Y) + 
(4*dq*nitrate_lake)/V8 - (4*dq*cold(8,4))/V8 + beta2*cold(8,5) - (1-
f8)*alpha1*local_sp_grate*alg_conc 
 
cnew(k,4) = cold(k,4) + cgnitrate(k)*dt 
cold(k,4) = cnew(k,4) 
 
!nitrite nitrogen 
 
cgnitrite(1) = D1*W*Dx*(cold(3,5) - cold(1,5))/(V1*X1) + Dy*L1*W*(cold(2,5)-
cold(1,5))/(V1*Y) + (nitrite0*Q1 - cold(1,5)*(Q1+dq) + cold(2,5)*dq)/V1 + 
beta1*cold(1,6) - beta2*cold(1,5) 
 
cgnitrite(2) = D2*W*Dx*(cold(4,5) - cold(2,5))/(V2*X1) + Dy*L1*W*(cold(1,5)-
cold(2,5))/(V2*Y) + dq*(cold(4,5) - cold(2,5))/V2 + beta1*cold(2,6) - beta2*cold(2,5) 
 
cgnitrite(3) = D1*W*Dx*(cold(5,5) - cold(3,5))/(V3*X2) + D1*W*Dx*(cold(1,5)-
cold(3,5))/(V3*X1) + Dy*L2*W*(cold(4,5) - cold(3,5))/(V3*Y) + (Qpr*nitrite_pr - 
cold(3,5)*(Q1 + Q2 + 2*dq) + cold(1,5)*(Q1 + dq) + cold(4,5)*dq)/V3 + beta1*cold(3,6) 
- beta2*cold(3,5) 
 
cgnitrite(4) = D2*W*Dx*(cold(6,5) - cold(4,5))/(V4*X2) + D2*W*Dx*(cold(2,5)-
cold(4,5))/(V4*X1) + Dy*L2*W*(cold(3,5) - cold(4,5))/(V4*Y) + (2*dq*cold(6,5) - 
2*dq*cold(4,5))/V4 + beta1*cold(4,6) - beta2*cold(4,5) 
 
cgnitrite(5) = D1*W*Dx*(cold(7,5) - cold(5,5))/(V5*X3) + D1*W*Dx*(cold(3,5)-
cold(5,5))/(V5*X2) + Dy*L3*W*(cold(6,5) - cold(5,5))/(V5*Y) + (dq*cold(6,5) + (Q1 + 
Q2 + 2*dq)*cold(3,5) - (Q1 + Q2 + 3*dq)*cold(5,5))/V5 + beta1*cold(5,6) - 
beta2*cold(5,5) 
 
cgnitrite(6) = D2*W*Dx*(cold(8,5) - cold(6,5))/(V6*X3) + D2*W*Dx*(cold(4,5)-
cold(6,5))/(V6*X2) + Dy*L3*W*(cold(5,5) - cold(6,5))/(V6*Y) + (3*dq*cold(8,5) - 
3*dq*cold(6,5))/V6 + beta1*cold(6,6) - beta2*cold(6,5) 
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cgnitrite(7) = D1*W*Dx*(cold(5,5) - cold(7,5))/(V7*X3) + D1*W*Dx*(nitrite_lake-
cold(7,5))/(V7*L4) + Dy*L4*W*(cold(8,5) - cold(7,5))/(V7*Y) + (dq*cold(8,5) + (Q1 + 
Q2 + 3*dq)*cold(5,5) - (Q1 + Q2 + 4*dq)* cold(7,5))/V7 + beta1*cold(7,6) - 
beta2*cold(7,5) 
 
cgnitrite(8) = D2*W*Dx*(nitrite_lake - cold(8,5))/(V8*L4) + D2*W*Dx*(cold(6,5)-
cold(8,5))/(V8*X3) + Dy*L4*W*(cold(7,5) - cold(8,5))/(V8*Y) + 
(4*dq*nitrite_lake)/V8 - (4*dq*cold(8,5))/V8 + beta1*cold(8,6) - beta2*cold(8,5) 
 
cnew(k,5) = cold(k,5) + cgnitrite(k)*dt 
cold(k,5) = cnew(k,5) 
 
!ammonia nitrogen 
 
cgammonia(1) = D1*W*Dx*(cold(3,6) - cold(1,6))/(V1*X1) + Dy*L1*W*(cold(2,6)-
cold(1,6))/(V1*Y) + (ammonia0*Q1 - cold(1,6)*(Q1+dq) + cold(2,6)*dq)/V1 + 
beta3*cold(1,3) - beta1*cold(1,6) + benthos_src_rate/D1 - 
f1*alpha1*local_sp_grate*alg_conc 
 
cgammonia(2) = D2*W*Dx*(cold(4,6) - cold(2,6))/(V2*X1) + Dy*L1*W*(cold(1,6)-
cold(2,6))/(V2*Y) + dq*(cold(4,6) - cold(2,6))/V2 + beta3*cold(2,3) - beta1*cold(2,6) + 
benthos_src_rate/D2 - f2*alpha1*local_sp_grate*alg_conc 
 
cgammonia(3) = D1*W*Dx*(cold(5,6) - cold(3,6))/(V3*X2) + D1*W*Dx*(cold(1,6)-
cold(3,6))/(V3*X1) + Dy*L2*W*(cold(4,6) - cold(3,6))/(V3*Y) + (Qpr*ammonia_pr - 
cold(3,6)*(Q1 + Q2 + 2*dq) + cold(1,6)*(Q1 + dq) + cold(4,6)*dq)/V3 + beta3*cold(3,3) 
- beta1*cold(3,6) + benthos_src_rate/D1 - f3*alpha1*local_sp_grate*alg_conc 
 
cgammonia(4) = D2*W*Dx*(cold(6,6) - cold(4,6))/(V4*X2) + D2*W*Dx*(cold(2,6)-
cold(4,6))/(V4*X1) + Dy*L2*W*(cold(3,6) - cold(4,6))/(V4*Y) + (2*dq*cold(6,6) - 
2*dq*cold(4,6))/V4 + beta3*cold(4,3) - beta1*cold(4,6) + benthos_src_rate/D2 - 
f4*alpha1*local_sp_grate*alg_conc 
 
cgammonia(5) = D1*W*Dx*(cold(7,6) - cold(5,6))/(V5*X3) + D1*W*Dx*(cold(3,6)-
cold(5,6))/(V5*X2) + Dy*L3*W*(cold(6,6) - cold(5,6))/(V5*Y) + (dq*cold(6,6) + (Q1 + 
Q2 + 2*dq)*cold(3,6) - (Q1 + Q2 + 3*dq)*cold(5,6))/V5 + beta3*cold(5,3) - 
beta1*cold(5,6) + benthos_src_rate*D1 - f5*alpha1*local_sp_grate*alg_conc 
 
cgammonia(6) = D2*W*Dx*(cold(8,6) - cold(6,6))/(V6*X3) + D2*W*Dx*(cold(4,6)-
cold(6,6))/(V6*X2) + Dy*L3*W*(cold(5,6) - cold(6,6))/(V6*Y) + (3*dq*cold(8,6) - 
3*dq*cold(6,6))/V6 + beta3*cold(6,3) - beta1*cold(6,6) + benthos_src_rate*D2 - 
f6*alpha1*local_sp_grate*alg_conc 
 
cgammonia(7) = D1*W*Dx*(cold(5,6) - cold(7,6))/(V7*X3) + 
D1*W*Dx*(ammonia_lake-cold(7,6))/(V7*L4) + Dy*L4*W*(cold(8,6) - 
cold(7,6))/(V7*Y) + (dq*cold(8,6) + (Q1 + Q2 + 3*dq)*cold(5,6) - (Q1 + Q2 + 4*dq)* 
  105                      
 
cold(7,6))/V7 + beta3*cold(7,3) - beta1*cold(7,6) + benthos_src_rate*D1 - 
f7*alpha1*local_sp_grate*alg_conc 
 
cgammonia(8) = D2*W*Dx*(ammonia_lake - cold(8,6))/(V8*L4) + 
D2*W*Dx*(cold(6,6)-cold(8,6))/(V8*X3) + Dy*L4*W*(cold(7,6) - cold(8,6))/(V8*Y) + 
(4*dq*ammonia_lake)/V8 - (4*dq*cold(8,6))/V8 + beta3*cold(8,3) - beta1*cold(8,6) + 
benthos_src_rate*D2 - f8*alpha1*local_sp_grate*alg_conc 
 
cnew(k,6) = cold(k,6) + cgammonia(k)*dt 
cold(k,6) = cnew(k,6) 
 
!organic phosphorus 
 
cgorgp(1) = D1*W*Dx*(cold(3,7) - cold(1,7))/(V1*X1) + Dy*L1*W*(cold(2,7)-
cold(1,7))/(V1*Y) + (orgp0*Q1 - cold(1,7)*(Q1+dq) + cold(2,7)*dq)/V1 + 
alpha2*ro*alg_conc - (org_p_decay_rate + org_p_settling_rate)*cold(1,7) 
 
cgorgp(2) = D2*W*Dx*(cold(4,7) - cold(2,7))/(V2*X1) + Dy*L1*W*(cold(1,7)-
cold(2,7))/(V2*Y) + dq*(cold(4,7) - cold(2,7))/V2 +  alpha2*ro*alg_conc - 
(org_p_decay_rate + org_p_settling_rate)*cold(2,7) 
 
cgorgp(3) = D1*W*Dx*(cold(5,7) - cold(3,7))/(V3*X2) + D1*W*Dx*(cold(1,7)-
cold(3,7))/(V3*X1) + Dy*L2*W*(cold(4,7) - cold(3,7))/(V3*Y) + (Qpr*orgp_pr - 
cold(3,7)*(Q1 + Q2 + 2*dq) + cold(1,7)*(Q1 + dq) + cold(4,7)*dq)/V3 + 
alpha2*ro*alg_conc - (org_p_decay_rate + org_p_settling_rate)*cold(3,7) 
 
cgorgp(4) = D2*W*Dx*(cold(6,7) - cold(4,7))/(V4*X2) + D2*W*Dx*(cold(2,7)-
cold(4,7))/(V4*X1) + Dy*L2*W*(cold(3,7) - cold(4,7))/(V4*Y) + (2*dq*cold(6,7) - 
2*dq*cold(4,7))/V4 + alpha2*ro*alg_conc - (org_p_decay_rate + 
org_p_settling_rate)*cold(4,7) 
 
cgorgp(5) = D1*W*Dx*(cold(7,7) - cold(5,7))/(V5*X3) + D1*W*Dx*(cold(3,7)-
cold(5,7))/(V5*X2) + Dy*L3*W*(cold(6,7) - cold(5,7))/(V5*Y) + (dq*cold(6,7) + (Q1 + 
Q2 + 2*dq)*cold(3,7) - (Q1 + Q2 + 3*dq)*cold(5,7))/V5 + alpha2*ro*alg_conc - 
(org_p_decay_rate + org_p_settling_rate)*cold(5,7) 
 
cgorgp(6) = D2*W*Dx*(cold(8,7) - cold(6,7))/(V6*X3) + D2*W*Dx*(cold(4,7)-
cold(6,7))/(V6*X2) + Dy*L3*W*(cold(5,7) - cold(6,7))/(V6*Y) + (3*dq*cold(8,7) - 
3*dq*cold(6,7))/V6 + alpha2*ro*alg_conc - (org_p_decay_rate + 
org_p_settling_rate)*cold(6,7) 
 
cgorgp(7) = D1*W*Dx*(cold(5,7) - cold(7,7))/(V7*X3) + D1*W*Dx*(orgp_lake-
cold(7,7))/(V7*L4) + Dy*L4*W*(cold(8,7) - cold(7,7))/(V7*Y) + (dq*cold(8,7) + (Q1 + 
Q2 + 3*dq)*cold(5,7) - (Q1 + Q2 + 4*dq)* cold(7,7))/V7 + alpha2*ro*alg_conc - 
(org_p_decay_rate + org_p_settling_rate)*cold(7,7) 
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cgorgp(8) = D2*W*Dx*(orgp_lake - cold(8,7))/(V8*L4) + D2*W*Dx*(cold(6,7)-
cold(8,7))/(V8*X3) + Dy*L4*W*(cold(7,7) - cold(8,7))/(V8*Y) + (4*dq*orgp_lake)/V8 
- (4*dq*cold(8,7))/V8 + alpha2*ro*alg_conc - (org_p_decay_rate + 
org_p_settling_rate)*cold(8,7) 
 
cnew(k,7) = cold(k,7) + cgorgp(k)*dt 
cold(k,7) = cnew(k,7) 
 
! dissolved phosphorus 
 
cgdissp(1) = D1*W*Dx*(cold(3,8) - cold(1,8))/(V1*X1) + Dy*L1*W*(cold(2,8)-
cold(1,8))/(V1*Y) + (dissp0*Q1 - cold(1,8)*(Q1+dq) + cold(2,8)*dq)/V1 + 
orgp_drate*cold(1,7) + benthos_src_rate_p/D1 - alpha2*local_sp_grate*alg_conc 
 
cgdissp(2) = D2*W*Dx*(cold(4,8) - cold(2,8))/(V2*X1) + Dy*L1*W*(cold(1,8)-
cold(2,8))/(V2*Y) + dq*(cold(4,8) - cold(2,8))/V2 +  orgp_drate*cold(2,7) + 
benthos_src_rate_p/D2 - alpha2*local_sp_grate*alg_conc 
 
cgdissp(3) = D1*W*Dx*(cold(5,8) - cold(3,8))/(V3*X2) + D1*W*Dx*(cold(1,8)-
cold(3,8))/(V3*X1) + Dy*L2*W*(cold(4,8) - cold(3,8))/(V3*Y) + (Qpr*dissp_pr - 
cold(3,8)*(Q1 + Q2 + 2*dq) + cold(1,8)*(Q1 + dq) + cold(4,8)*dq)/V3 + 
orgp_drate*cold(3,7) + benthos_src_rate_p/D1 - alpha2*local_sp_grate*alg_conc 
 
cgdissp(4) = D2*W*Dx*(cold(6,8) - cold(4,8))/(V4*X2) + D2*W*Dx*(cold(2,8)-
cold(4,8))/(V4*X1) + Dy*L2*W*(cold(3,8) - cold(4,8))/(V4*Y) + (2*dq*cold(6,8) - 
2*dq*cold(4,8))/V4 + orgp_drate*cold(4,7) + benthos_src_rate_p/D2 - 
alpha2*local_sp_grate*alg_conc 
 
cgdissp(5) = D1*W*Dx*(cold(7,8) - cold(5,8))/(V5*X3) + D1*W*Dx*(cold(3,8)-
cold(5,8))/(V5*X2) + Dy*L3*W*(cold(6,8) - cold(5,8))/(V5*Y) + (dq*cold(6,8) + (Q1 + 
Q2 + 2*dq)*cold(3,8) - (Q1 + Q2 + 3*dq)*cold(5,8))/V5 + orgp_drate*cold(5,7) + 
benthos_src_rate_p/D1 - alpha2*local_sp_grate*alg_conc 
 
cgdissp(6) = D2*W*Dx*(cold(8,8) - cold(6,8))/(V6*X3) + D2*W*Dx*(cold(4,8)-
cold(6,8))/(V6*X2) + Dy*L3*W*(cold(5,8) - cold(6,8))/(V6*Y) + (3*dq*cold(8,8) - 
3*dq*cold(6,8))/V6 + orgp_drate*cold(6,7) + benthos_src_rate_p/D2 - 
alpha2*local_sp_grate*alg_conc 
 
cgdissp(7) = D1*W*Dx*(cold(5,8) - cold(7,8))/(V7*X3) + D1*W*Dx*(dissp_lake-
cold(7,8))/(V7*L4) + Dy*L4*W*(cold(8,8) - cold(7,8))/(V7*Y) + (dq*cold(8,8) + (Q1 + 
Q2 + 3*dq)*cold(5,8) - (Q1 + Q2 + 4*dq)* cold(7,8))/V7 + orgp_drate*cold(7,7) + 
benthos_src_rate_p/D1 - alpha2*local_sp_grate*alg_conc 
 
cgdissp(8) = D2*W*Dx*(dissp_lake - cold(8,8))/(V8*L4) + D2*W*Dx*(cold(6,8)-
cold(8,8))/(V8*X3) + Dy*L4*W*(cold(7,8) - cold(8,8))/(V8*Y) + (4*dq*dissp_lake)/V8 
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- (4*dq*cold(8,8))/V8 + orgp_drate*cold(8,7) + benthos_src_rate_p/D2 - 
alpha2*local_sp_grate*alg_conc 
 
cnew(k,8) = cold(k,8) + cgdissp(k)*dt 
cold(k,8) = cnew(k,8) 
 
wctr = modulo(t,600.) 
 
if (t.eq.1) then 
if (k.eq.1) then 
write (10,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.2) then  
write (20,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.3) then  
write (30,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.4) then  
write (40,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.5) then  
write (50,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.6) then  
write (60,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.7) then  
write (70,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.8) then  
write (80,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
end if 
end if 
 
if(wctr.eq.0) then 
if (k.eq.1) then 
write (10,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.2) then  
write (20,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.3) then  
write (30,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.4) then  
write (40,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.5) then  
write (50,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.6) then  
write (60,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.7) then  
write (70,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
else if (k.eq.8) then  
write (80,*)cold(k,1),cold(k,2),cold(k,3),cold(k,4)!,cold(k,5),cold(k,6),cold(k,7),cold(k,8) 
end if 
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end if 
 
  30 CONTINUE  
 
20 CONTINUE 
 
END 
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